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OF THE INVENTION 

AL1AN STAUFEN AND USE THEREOF 



'ST ? 



5 The present invention relates to mammalian staufen, a 

double-stranded RNA-bin^ing protein involved in rnRNA transport and 
localization. The invention further relates to the demonstration of the 
association of a RNA-binding protein w^h the rough endoplasmic 
reticulum (RER), implicating staufen and related proteins in the transport 

10 of RNA to its site of translation Broadly, the invention therefore relates 
to transport and translation of RNA. More specifically, the present 
invention relates to human and mouse staufen proteins and to the 
modulation of transport of RNA to the RER by these proteins. The 
p resen t invention also rentes to isolated nucleic acid molecules encoding 

15 mammalian staufen as weil as vectors and host cells harboring same. 
In addition, the present invention relates to screening assays for 
identifying modulators of staufen activity and to the identification of 
mutants thereof which abrogate their interaction with RER. Furthermore, 
the present invention relates to the use of the double-stranded RNA 

20 binding activity of staufen as a means to target proteins into virions. The 
invention in addition relates to the incorporation cf staufen into RNA 
viruses and the use of overexpression of staufen to significantly decrease 
the Infectivity thereof. More particularly, the present invention relates to 
a novel and broad class of molecules which can be used as carriers to 

25 target molecules into virions of RNA viruses and to decrease infectivity of 
a wide variety of RNA viruses including retroviruses 
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BACKGROUND OF THE I NVENTION 

It is now believed that the cytoskeieton is widely used to 
transport mRNAs between their transcription and processing sites in the 
nucleus and iheir translation and degradation sites in the cytoplasm 
5 {Pachter, 1992; BasseH and Singer, 1997; Nakiemy at aL 1997). One 
consequence of the interaction between mRNAs and the cytoskeleton is 
C i to promote differential localization and/or transport of mRNAs in 

- y subcellular compartments. Indeed, examoies of mRNA targeting were 

¥* observed in both germinal and somatic celis throughout the animal 

p 10 kingdom (Wllhelm and Vale, 1993: Si Johnson, 1995; Steward, 1997). 

The universe! use of this mechanism is also apparent when we consider 
the nature of the proteins which are coded by the transported mRNAs; 
yi asymmetric localization involving mRNAs coding for cytosoiic, secreted, 

!}:; membrane-associated or cytoskeietal proteins have all been reported. 

yQ is Localization of mRNAs in the cytopSasm is now considered an essentia! 

step in the regulation of gene expression and an efficient way to unevenly 
distribute proteins in polarized cells, in general, it is believed that mRNA 
localization Is used to determine and/or regulate locai sites of translation 
(Rings et aL, 1994; St Johnston, 1995; Steward, 1997), Indeed, 
20 ribosornes and many translational cofactors were found in association 
with the cytosKeietal elements, preventing both mRNAs and translation 
factors from being diluted by the cejiuiar fluid (Paehter 1992), Transport 
and local translation of specific mRNAs has been shown to play an 
important rote in processes such as learning and memory (Martin et aL, 
25 1997), synaptic Transmission (Crino and Eberwine, 1996; Kang and 
Schuman, 1996; Gazzaley et aL, 1997, Steward, 1997; Tongiorgi et al T 
1997), axis formation during development (reviewed in St Johnston, 
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1995), cell motility (Kislauskis at a!,, 1997), and asymetrie call division {Li 
et aL 1997, Long et aL 1997; Takjzawa et ai , 1997; Broadus et al, 

1998), 

The mechanisms underlying mRNA localization are not 
5 yet fully understood, mainly because of the iack of information on the 
principal constituents of the ribonucteoprotein complexes involved in this 
process. Nevertheless, it is known to involve both cis-acting signals in 
mRNA and trans-acting RNA-bmdmg proteins which bind to this signal {St 
Johnston 1995), The signals that allow rnRNAs to be recognized as a 

10 target for transport and then to be localized have been mapped within 
their S'-untransiatea regions (Wilhelm and Vale, 1993; St Johnston, 
1995). in contrast, the nature of the RNA-bindmg proteins is still obscure. 
Recently, a 88 kPa protein which binds the [B-actin mRNA zipcode 
localization domain was isolated and its transcript was cfoned from 

15 chicken cDNA libraries (Ross et al., 1997) This protein, which binds to 
microfilaments, contains an RNA-bmaing domain which shares strong 
sequence similarity with the RNPl and RNP2 motifs, in addition, 89 KDa 
and 78 RDa proteins in Xenopus oocyte extracts have been shown to bind 
to the localization signal of Vgl mRNA (Schwartz et al., 1992; Deshler et 

20 al. 1997). While the 69 kDa protein was shown to bind microtubules 
(Elisha et al .1995), the 78 kDa Vera protein co-focalized with a 
sub-domain of the smooth endoplasmic reticulum (Deshler et ai., 1997). 
However, since these proteins have not yet been characterized, their 
nature and function in localization remain unclear, 

25 Genetic and molecular studies have shown that the 

activity of the siaufen gene product in Drosoptiila is necessary for the 
proper localization of bicoia and oskar rnRNAs to the anterior and 
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posterior cytoplasm of oocytes, respectively, and of prospero mRNA in 
neuroblasts (St Johnston etal. ( 1989; Ephrussi eta!,, 1991; Kim-Hs etal , 
1991. St Johnston et a!. 7 1991; Broad us et aL, 1997; Li et al., 1997). 
Staufen is a memoer of the douale-stranded RNA-binding protein family, 
5 and contains three copies of a domain consisting of a 85- to 58-amino 
acid consensus sequence which is required to bind RNAs having 
q double-stranded secondary structures, and two copies of a short-domain, 

which retains the last 21 amino acids at the C-terminai end of the 
H 8 complete motif (St Johnston et aL, 1991; St Johnston et at, 1992), in 

q 10 vitro, it has been demonstrated that staufen binds directly to bicoia and 

J: prospero mRNAs (St Johnston et aL 1992; Li et aL, 1997) However, 

since staufen seems to bind to any dsRNA m vitro, it is not ciear whether 
yi or not It binds directly to these RNAs in vivo, or needs ceiiular co-factors 

r: which make up part of a larger ribonucieoprotein complex to localize each 

l O 15 mRNA. Many experiments have demonstrated thai the localization of 

oskar, prospero and bicoid mRNAs occurs through a multistep 
mechanism of active transport that is dependent on elements of the 
cytoskeieton (Erdeiyi et a]., 1995; Pokrywka and Stephenson, 1895; St 
Johnston, 1995, Tetzlaff et aL, 1998; Broadus et a!., 1997). 
20 There thus remains a need to understand the 

mechanisms of mRNA transport in mammals and determine the nature 
of both the RNAs and proteins in the RNA/protem complexes- Recently, 
both Southern blot analysis of human DNA and fluorescent in situ 
hybridization (FISH) on human chromosomes in metaphase showed that 
25 the human gene is present as a single copy in the human genome and is 
localized in the middle of the long arm of chromosome 20 (DesGroseiliers 
and Lernteux, 1996). The identification and characterization of human (or 
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another mammalian) staufen is cesired as it could provicie critical 
information m the transport ana proper localisation of mRNAs in 
subcellular compartments. 

Staufen (Stau) was originally described as a 
5 dsRNA-binding protein in Dmsophila rnelanogast&r (1). it was further 
shown to specifically bind the 3' untranslated region of the mRNA for 
^ £>/eo/d (2), a morphogen responsible for anterior body pattern formation 

;S in the early embryo. In Drosophila. Stau's principle function is to target 

U mRNAs for localized translation (2, 3): it serves to localize oskar mRNA 

jsass. 

Pi 10 posteriorly (3) and anchors bicoicf mRNA anteriorally in oocytes, and 

;f; recently has been shown to localize prospero mRNA in neuroblasts (4). 

s The human homologue (hStau) is hereinbelow further characterized and 

yi is shown to have several structural and functional domain similarities to 

! y its Droscptnla counterpart (5), 

15 A more thorough understanding of the structure-function 

™* relationship of mammalian staufen is needed to better understand its 

function in mammalian cells, There also remains a need to better 
understand the dsRNA-binding activity of mammalian staufen and to 
analyze the function and application thereof in cellular homceostasy, in 
20 addition, this understanding could help characterize the important 
molecular determinants of staufen from lower euKaryotes. 

St would be highly desirable to be provided with means 
to target molecules to RNA viruses, including retroviruses, such as H!V 
virions It would also be desirable to be provided wth means to target 
25 molecules into such viruses and affect their structural organization and/or 
functional integrity and/or morphogenesis. 
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!t would also be highly desirable to be provided with a 
protein, fragment or derivative thereof which permits the development of 
chimeric molecules that can De specifically targeted into RNA viruses in 
general, and more particularly retroviruses, including antiviruses such as 
5 HIV. Such chimeric molecules could be used for the treatment of RNA 
virus infections, retroviral infections and ientiviral infections, 

St would also be highly desirable to be provided with a 
therapeutic agent which permits targeting of chimeric molecules into RNA 
virions, as a treatment for diseases caused by such virions. 
TO it would also be highly desirable to be provided with the 

identification of novel moiecuiar determinants responsible for the 
incorporation of proteins into virions via their interaction with genomic 
li RNA ? for RNA genome incorporation into RNA viruses, as well as the 

identification of moiecuiar determinants involved in the targeting of RNA 
15 molecules to the RER. 

It would also be highly d&sirabte to be provided with 
means to target RNA molecules to the RER, 

It would also be very desirable to be provided with 
therapeutic agent molecules which interfere with the molecular 
20 determinant responsible for RNA genome incorporation into RNA virions 
as wef! as agents which interfere with the targeting of RNA molecules to 
the RER as such agents could have therapeutic utility for the treatment 
of diseases including viral diseases. 

it would further be highly desirable to be provided with 
25 an assay which enables the screening and identification of molecules 
which modulate the interaction between the moiecuiar determinant 
responsible for RNA genome incorporation into RNA virions. As well, it 
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would be highly desirable to be provided with an assay which enables the 

screening and identification of molecules which modulate the targeting of 

RNA moteeuies to the RER. 

It would in addition be highly desirable to be provided 
5 with a method for screening and identifying molecules which act as 

modulating agents of RNA genome incorporation Into RNA virions and as 
rj well as a method for screening and identifying molecules which act as 

!fl modulating agents for the targeting of RNA molecuies to RER. 

|M= The present invention seeks to meet these and other 

g= 10 needs, 

£ The present description refers to 3 number of 

lULi 

3 documents, the content of which is herein incorporated by reference. 

S The human homoiogue of the double-stranded RNA 

*jf (dsRNAJ-binding protein, Staufen, is shown herein to be Incorporated into 

y3 15 HlV-1 virions, and this correlates with HIV-1 genomic RNA encapsidation. 

hStau is incorporated into clinical isolates of HIV-1, and severe! other 
retroviruses inducing HIV-2 and murine leuKemia virus T and non-retroviral 
RNA viruses such as Reovirus, but is not detectable in DNA viruses. 
When hStau is overexpressed, a corresponding increase of hStau in 
20 virions is observed- Strikingly^ this increase in nStau incorporation into 
HIV-1 is accompanied by a dramatic impairment of HIV-1 infectivity. This 
is the first demonstration of a dsRNA-binding protein within HIV-1 
particles. This novel and unexpected finding may have important 
Implications not only in retroviral genome sorting, assembly and 
25 infectivity, but also in RNA virus therapy in generai, retrovirus therapy and 
more particularly HIV-1 therapy. 
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The invention concerns in general mammalian staufen 
and more particularly the sequence of tne human and mouse staufen 
proteins and nucleic acid molecules encoding same, 

The present invention further relates to the 
5 demonstration tnat staufen binds Doth dsRNA and tubulin In vitro via 
specific binding domains. Further, the invention relates to the localization 
, of staufen in the cytoplasm in association witn the rough endoplasmic 

I reticulum, Implicating this protein in the targeting of RNA to its site of 

h translation. 

I 1 0 More particularly, the present invention provides isolated 

I polypeptides having the amino acid sequences shown in Figures 1A, 1B, 

1C, ID and Figure V. 

I The present invention further relates to isolated nucleic 

1 acid molecules comprising polynucleotides which encode a staufen 

J 15 polypeptide and more particularly a mammalian staufen polypeptide. 

More paticularly. the present invention relates to isolated nucleic acid 
molecules encoding the staufen polypeptides having the amino acid 
sequences shown in Figures 1A. 16, 1C and r. 

The invention in addition relates to recombinant vectors 
20 harboring the isolated nucleic acid molecules of the present invention, 
More particularly, the invention relates to expression vectors which 
express the staufen polypeptides of the present invention and more 
particularly mammalian staufen. The present invention further relates to 
host ceils containing such recombinant vectors or expression vectors, to 
25 methods of making such host ceils, and to methods of making such 
vectors, 
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Further, the present invention provides screening assays 
and methods for identifying modulators of staufen activity and especially 
of mammalian staufen activity. More particularly, the present invention 
relates to assays and methods for screening and identifying compounds 
5 which can enhance or inhibit the RNA virion incorporation ability of 
staufen and especialiy mammalian staufen. in one particular embodiment 
of the present invention, the screening assay for identifying modulators 
J5 of staufen's incorporation ability comprises contacting cells or extracts 

P containing staufen and a candidate compound, assaying a cellular 

% 10 response or brolcgicai function of staufen such as virion incorporation or 

4^ RER targeting, for example, wherein the potential modulating compound 

3 is selected when the cellular response or staufen's bioiogicai activity in 

SJ the presence of the candidate compound is measurably different than in 

the absence thereof 

*Q i 5 in addition, the present invention relates to methods for 

treating an animal (such as a human) infected with a RNA virus, which 
comprises administration thereto of a composition comprising a 
therapeutically effective amount of staufen (such as mammalian staufen) 
polypeptide, and /or staufen nucleic acid molecule encoding same, and/or 
20 modulators of staufen activity. In one embodiment, the present invention 
relates to an administration of a recombinant staufen molecule having an 
additional antiviral activity (i.e. RNAse or protease activity), 

The invention further relates to The use of polypeptides 
and nucleic acid molecules encoding same of the present invention to 
25 target molecules snto virions of RNA viruses. In a particular embodiment, 
such targeting finds utility for example, in packaging ceii lines, In a 
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particular embodiment staufen fS used as a carrier for virion targeting and 
is part of a fusion protein 

in accordance with the present invention, there is 
therefore provided, an isolated mammalian staufen protein exhibiting 

5 homology to mammalian staufen as well as lower eukaryotic staufen. 

!n accordance with the present invention, there is aiso 
provided; an isolated nucleic acid molecule comprising a polynucleotide 
sequence encoding mammalian staufen. 

in accordance with another aspect of the present 

10 invention, there is provided, an isolated nucleic acid moiecuie comprising 
a polynucleotide sequence which hybridizes under stringent conditions to 
a polynucleotide sequence encoaing mammalian staufen or to a 
sequence which is complementary thereto, 

!n accordance with yet another aspect of the present 

15 invention, there is provided a method of constructing a recombinant 
vector which comprises inserting an isolated nucleic acid molecule 
encoding mammalian staufen (or a derivative thereof) into a vector. !n 
addition, there is also provided a recombinant vector harboring an 
isolated nucleic acid molecule encoding a C. ei&gans staufen or 

20 fragments or derivatives thereof in addition, there is provided 
recombinant vectors harboring an isolated nucleic acid moiecuie 
encoding the molecular determinant of a mammalian or tower eukaryotic 
staufen, which is responsible for incorporation into RNA virions. 

In accordance with a furtner aspect of the present 

25 invention, there is provided a method for making a recombinant cell 
comprising introducing thereinto a recombinant vector harboring a nucleic 
acid sequence encoding a staufen of the present invention. 
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In accordance with an additional aspect of the present 
invention, there is provided an annoody whicn recognizes specifically a 
staufen polypeptide or derivative thereof of the present invention. 

The mammalian staufen polypeptides and nucleic acid 

5 molecules of the instant invention have been isolated from human and 
mouse Nevertheless, it wit! be dear to tne person of ordinary skill that 
the present invention should not be so limited, indeed, using the 
teachings of the present invention and those of the art, homoiogues of 
hStau and mStau can be identified and isolated from other animal 

10 species. Non-limiting examples thereof include monkey, mouse, rat, 
rabbit, end frog. The significant identity between the human and mouse 
Staufen protein validates this contention 

The conservation of staufen between mammals and 
lower euKaryotes {Dro&phila and C. Btegans) further supports this notion. 

15 In addition, it suggests chat certain emoodiments of the present invention 
could be earned out using lower eukaryotic staufen or fragments or 
derivatives thereof 

The invention further relates to the morphogenesis RNA 
virions and more particularly of HIV virions and especially to the 

20 packaging of RNA genomes mto RNA viruses. 

The present invention further provides means to target 
molecules to RNA virions in one particular embodiment, the present 
invention rebates to such means to affect tne morphogenesis of such RNA 
virions, thereby reducing inf activity Thereof, in a particularly preferred 

25 embodiment the present invention relates to a mammalian staufen 
protein which upon incorporation into HlV-1 virions significantly decreases 
the mfectivity thereof. 
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BRIEF DESC RIPTION OF THE DRAWINGS 

Having thus generally described the invention > reference 

will now be made to the accompanying drawings, showing by way of 

illustration a preferred embodiment thereof, and in which: 
5 Figure 1A shows an amino acid sequences of the 

human staufen cDNAs. Alignment of the two cDNAs with the translation 
n of the putative protein sequences, The numbers refer to the sequence of 

;fl the short cDNA. The positions of the 4 dsRNA-binding consensus 

U domains (RBD1 to RBD4) and of the tubulin-fcincting domain (TBD) are 

r=S 10 indicated between brackets above the sequence. The sequences were 

£ deposited in the GenBank database under accession numbers AF061 938 

7 and AF061939. 

ITS Figure IB is similar to Figure 1 bui shows the alternative 

p J splicing which occurs m the human staufen gene and gives nse to 4 

M5 1 5 alternatively spliced transcripts. These 4 transcripts give rise to the two 

proteins as described in Figure 1 and in the text below. Of note, 
transcripts T2 and T3 refer to transcripts Tl and T2 of Figure 1A, 
respectively. 

Figure 1C shows the nucleic acid and predicted amino 
20 acid sequence of mouse staufan. 

Figure 1 D shows an alignment of the mouse and human 
staufen, highlighting the significant conservation of the protein during 
evolution. As per Figure 1, the 4 dsRNA binding domains (RBD) and 
tubulin-birtding domains are Highlighted. 
25 Figure T shows an alignment between phyiogenetically 

different stauf&n proteins of Drosophtta, C. elegans and human. This 
alignment permits the elaboration of a consensus sequence for staufen. 
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As shown in Figure 1 B, T1 , T2 and 14 give rise to the snort protein of 55 
kDa while T3 gives rise to the 63 kDa protein 

Figure 2 snows the characterization of the hStau mRNA 
and proteins. A) Northern blot analysis of nStau expression in human 

5 tissues- A Human Multiple Tissues Northern Blot (Clontech) was 
hybndrzed with the 1.2 Kfc>p BarnHI fragment of hStau cDNA. Lane 1 T 
brain; lane 2, pancreas; lane 3, hean; lane 4 7 skeietai muscles; [ane 5, 
liver; lane 6, placenta. Sane 7 lung *ane 8, Kidney). B} Western blot 
experiment with arrti-hStau antibodies. Lane l , HeLa cell extracts, iane 

10 2 T HEK 293 cell extracts C) HEK celts were transfected with cDNAs 
coding for either the short (lane 2} or the song (lane 3) hStau isoforms, 
Sysed and analysed by western blotting using ihe anthhStau antibodies. 
MocMransfected celis are shown in lane 1. D) Schematic representation 
of the Drosophila {accession number M69111), mammalian and C. 

1 5 elegans (accession number U8794S) staufen proteins. The human protein 
PI has an insertion of 81 amino acids ai its N-terminal extremity, as 
compared to protein P2 Large open and black boxes represent the 
full-length and short dsRNA-fainding domains respectively. Small boxes 
and lines are regions of high and low sequence similarity, respectively, 

20 The hatched boxes indicate the position of the region which is similar to 
the MAP1B roicrotubule-bindmg domain. The percentage of identity 
between the domains of the human and invertebrate proteins is indicated. 

Figure 3 shows an RNA-binding assay A) Bacteriajly 
expressed his/hStau (lanes S) and hss/NEP (lane N) fusion proteins or B) 

25 barter jally-expressea MBP/mStau (lanes S) or MBP/aminopeptsdase 
fusion proteins (lane A), were electrophoresed on a polyacrylamide get ? 
transferred to nitrocellulose, and incubated with [32P]iabeied nucleic 
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acids, in The presence or absence of cola competitors, as indicated below 
each geL After extensive washing, binding was detected by 
autoradiography. 

Fig Lire 4 shows a tubukn-binding assay. Bacterialiy 
5 expressed MBP/hStau (lanes S) or MBP/aminopeptidase (lanes A) fusion 
proteins were eiectrophoresed on SDS-poiyacryiamide geis, transferred 
to nitrocelluiose. and incubated with tubulin or actin. After extensive 
washing, tubulin and actin were Detected with monoclonal anti-tubulin or 
anti-3CTjn antibodies, respectively. As controls, the same experiments 

10 were also performed in the absence of either tubulin or anti-tubutin 
antibodies P untied actin was also loaded on the gel as control (iane C). 

Figure 5 snows a molecular mapping of the dsRNA- and 
tubulin-binding domains Bactenasiy expressed MBP/mStau (lanes 1), 
MBP/mStau deletion mutants (lanes 2-7) or MBP/aminopepticjase (lanes 

15 C) fusion proteins were eiectrophoresed on a polyacrylarnide gel, 
transferred to nitrocellulose, and incubatea either with [32P]labeIed 
3 T -UTR bicoia RNA (A) or tubulin ana anti-tubulm antibodies (8). and 
revealed as described above, C) Schematic representation of the mutant 
proteins. Their RNA- and tubulin-binding responses are indicated. 

20 Figure 6 shows a subcellular localization of the 

GFP/hStau fusion proteins. COS7 cells were transfected with cDNAs 
coding for either the hStau/GFP (A, B) or TBD/GFP (C) fusion proteins, 
or GFP alone (D). Untreated (A j C, D) or Triton X-100 treated (B) cells 
were fixed and visualized by autofiuorescence. Bar = 20 mm. 

25 Figure 7 snows a co-locaiizaiion of hStau with marKers 

of the rough endoplasmic reticulum (RER) using confocal microscopy. A 
cDNA coding for an hStau/HA fusion protein was transfected into COS7 
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cells Triton X-1QO treated ceils were fixed and double-labeled with 
anti-HA (B) and anti-calreticulin (A) or anu-HA (E) and anti-catnexin (D). 
Anti-HA was detected with Texas Red-coupled anti-mouse igG antibodies 
using the Texas Red channel, whereas anti-calreticulin and anti-calnexin 
5 were detected with fluorescein-conjugated anti-rabbit IgG antibodies, 
using the fluorescein channel. C and F are the superposition of A-B and 
D-E, respectively. No overlap was observed between the fluorescein and 
Texas Red channels, Bar = 10 mm. 

Figure 8, A Ncrtnwestern analysis of hStau TAR 

10 RNA-binding. Extracts of bacteria expressing either hisiidine{his)-tagged 
hStau (lane 1) or his-NEP (neutral endooeptidase, Sane 2} fusion proteins 
were eiectrophoresed or? a poiyacryiamide gel (PAGE), transferred to 
nitrocellulose and incubated for 2 h with a uniformly [ 32 P]labe|led 
TAR(I-SO) RNA in. 50 mM NaCL 10 mM MgCi 2 , 10mM Hepes, pH 8 0, 0,1 

15 mM EDTA, 1 mM DTT. 0.25% milk. After expensive washing, the 
membrane was exposed to autoradiographic film. B. Sucrose density 
gradient analysis of nStau m HlV-i. 50 X 10 s cpm of microfiftered and 
ultracentrifuged virus HxBru was layered onto a continuous 20-60% 
sucrose gradient, ultracentrifuged at 136 000 x g for 18 h. 16-0.7 mL 

20 fractions were collected and RT activity was measured by standard 
assay. Each fraction was subsequently diluted to 20% sucrose and 
centfifuged at 1 36 000 x g for 1 hr to peiiet virus particles. After rinsing, 
the virus pellet was resuspended in PBS and 2X LaemroH loading buffer 
was added before loading onto a 10% PAGE The proteins were 

25 transferred to nitrocellulose and probed with a rabbit aniMiStau antibody. 
hStau was visualized using the enhanced cherniluminescence (ECL) Kit 
(Amersham, Mississauga, ON). C. Subtinsm protease resistance assay. 



T 
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Subtilisin assays were performed essentially according to Ott et at., (9, 
1 0} with minor modifications 70 x 1 0 e cpm of peiiened virus preparations 
were treated (+j or mocK treated (-) with 1 mg/mL suotiiisin (Boehringer 
Mannheim, Montreal, PQj in 10 mM Tris-HCi, pH 8, 1 mM CaCi 2 , 
5 containing 1.5 mg/mL bovine serum albumen (iCN Biochemical 
Montreal, PQ) for 24 h at 37°c. Virus was then peiietted as above and 
_ resuspended in PBS, and mads to IX Laemmli and then loaded onto 

-,n PAGE followed by Western blotting. The blot was sequentially probed 

ill with anti-gp12Q (32) a mouse monoclonal antibody #3H11-C1 to p17 

J 10 (33) s a human patient's serum (#162) to reveal p24, and anti-hStau, D. 

*p hStau incorporation into virus particles from clinical isolates and the 

J* retroviruses HIV-2, MLV, and CasBr. 293T cejis were transfected with 

iy proviral constructs encoding HiV-l : HiV-2 (ROD), MLV (Kindly provided 

fu by Dr. Guy Lemay, University of Montreal) and CasBr retroviruses (11). 

15 Virus {passage # 2) was also harvested following infection of MT4 cells 
^ with two T-tropsc viral ainical isolates (T1 & T2; a kind gift from Dr. Mark 

Wainberg, McGil! AIDS Center}, 10 x 10 s RT cpm (HiV-1, HIV-2 and 
MLV) were loaded onto geis and Incorporated hStau was assessed by 
Western blotting. The 55 and S3kDa hStau species are due to translation 
20 initiation from alternatively spliced transcripts (5). Longer exposures 
reveal both species in ail lanes, E hStau is the only TAR-binding protein 
to be virion incorporated. Three sets of 25 000 293T ce!! equivalents (C) 
and 50 ng p24 virus equivalents (V) were run in parallel on 10% PAGE 
and each of three blots was probed wixh antibodies to hStau, TRBP 
25 (Kindly provided by Dr. Sunciararajan Venkaiasan, NiAiD), and PKR 
(kindly provided by Dr Antonis Koromilas, McGHi University). For the 
assessment of Tat in virus particles, 293T ceils were transfected with 
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pN^4_3 and at 48 h postinfection (p.i ) cells were lysed in Laemmh buffer 
and 25 000 cell equivalents were run in parallel with 50 ng p24. An 
arnino-terrninal anti-peptide Tat antibody was used for Western blot 
analysis. Antigens were revealed Dy ECL and are indicated by bold 
arrowheads, TRBP, PKR and Tat were undetectable in virion 
preparations in longer exposures of Western Wots, 

Figure 9 shows a localization of hStau in cottansfected 
293T cells by confocai laser scanning microscopy. 293T ceiis were 
cotransfected with pNL4.3 and a plasmid encoding a HA-tagged hStau 
(5), 36 h posttransfection, cells were trypslnized and plated on glass 
slides and allowed to grow for 12 h. After washing, ceils were fixed with 
acetone-methanol (50:50) and allowed to dry. indirect 
immunofluorescence was performed using a mouse ann-HA monoclonal 
(12CA5 7 Boehringer Mannheim) and a rabbit anu-p24 (34)- Texas Red- 
and fluorescein-conjugated secondary antibodies were employed to 
reveal p24 and HA-hSiau. respectively. Confoca! iaser scanning 
microscopy was performed using a Zeiss LSM410 microscope with 
excitation wavelengths of 488 nm and 563 nm for fluorescein and Texas 
Red, respectively- Emission filters for fluorescein and Texas Red were 
BP515-54Q, and 6F575-S40, respectively p24 (A), nStau (B), and 
superimposed images (C) are presented The yellow regions indicate 
colocalization of p24 and hStau (mostly at The cell periphery). A 
representative cei! is shown. 

Figure 10 shows nStau incorporation correlating with 
genomic RNA encapsidation in HIV-1 particles. Proviral DNAs [(wildtype, 
NC (14, 15), vpr~ or vpr+ (6) and psi mutants (16)] were transfected into 
293T ceils and equal quantities of virus were loaded onto 12% PAGE and 
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proD^d with anti-hStau (A) and anti-pi? (B; 33} antisera and antigens 
were revealed by ECL, In C, RNA was isolated from equal quantities of 
virus using an NP-40 lysis method (35) and probea with a r 3: -p}-lakeileq 
probe to the Gag mRNA leader (6), Lane 1 , pNL4.3; lane 2 S HxBru; lane 
3, ^C/^C-S NC; lane 4, ^-C/^C-S NC : lane 5 : *CP 3 C-S NC; lane 6 delta 
"K-^T NC; lane 7, p&i signal mutant; lane 8, HxBru Vpr- provirus, iane 9, 
HxBru Vpn- provirus. 

Figure 11 shows overexpression of hStau causing a 
decrease of infectivty of HIV-1 particles, 1 0 .ug pNL4.3 was transfected 
into 293T cells with or without an expression plasmid encoding HA-hSiau 
at a 1 :1 .3 molar basis (or KS DNA carrier)- A, Virus was prepared from 
mock, pNLA3 and pNL4.3+hStau transfected ceiis and used in Western 
blot analysis using equal quantities of p24 in each lane. For infectivity 
assays, equal quantities of p24 were used to infect MAGS and BF-24 
indicator ceils and infectivrty was quantrtated at 48 h p.i. by colorimetric 
and CAT activity assays, respectively. 6, BF-24 cells were washed 
extensively and !ysed by freeze-thaw in 0.25 M Tris, pH 7.5, followed by 
heat inactivation. CAT activity in calls was determined by standard assay 
by thin layer chromatography (a representative result is shown here). C, 
The data shown are the means and standard errors of the means 
(S.E.M.) from three independent mfectivity assays m BF-24 cells. 
Relative CAT activity (compared to tne pNL4.3 iane which is set to 1) was 
calculated by phospnoimager analysis using the Moiecuiar Dynamics 
ImageQuant software. MAG! assay results conferred with those from 
BF-24 assays revealing a 4-fold (±0,3 S.E.M.) reduction in the number 
of blue 3-galacrosidase-posftve ceils 48 h p.! (7)- 
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Other objects, advantages and features of The present 
invention will become more apparent upon reading of the following 
non-restrictive description of preferred embodiments witn reference to the 
accompanying drawing which is exemplary and should not be interpreted 
as limiting the scope of the present invention. 

PESSB1PILQN OFJTHE PREFERRED EMBODf^T 

The present invention therefore relates to stauf&n, a 
double-stranded RNA-binding protein which binds dsRNA via each of two 
fulHength dsRNA-binding domains and tubulin via a region similar to the 
microtubuie-bmding domain of MAPI B. immunofluorescent 
double-labeling of transfected mammaiian cells revealed that Stau is 
localized to the rough endoplasmic reticulum (RER). implicating this 
RNA-binding protein in mRNA targeting to the RER. These results are 
the first demonstration of me association of an RNA-binding protein with 
the RER, implicating this class of proteins in the transport of RNA to its 
site of translation. 

The human homoicgue of the oouoie-stranded RNA 
(dsRNA)-binding protein, Stauf&a, is shown herein to be incorporated into 
HIV-1 virions, and this correlates with HlV-1 genomic RNA encapsidation. 
hStau is incorporated into clinical isolates of HlV-1 , and several other 
retroviruses including HlV-2 and murine ieuKemia virus, and non-retroviral 
RNA viruses such as Reovirus. but is not detectable in DNA viruses. 
Experiments with poliovirus are underway and are expected to further 
demonstrate the role of staufen during the life cycle of RNA viruses in 
general. When hStau is overexpresseo, a corresponding increase of 
hStau in virions is observed Strikingly, however, this increase in nStau 
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incorporation into HiV-1 is accompanied by a dramatic impairment of 
H1V-1 mfectjvity. "In is is the first demonstration of a osRNA-binding 
protein within HlV-l particles, This novel and unexpected finding may 
have important implications noi only in retroviral genome sorting, 
5 assembly and infectivity, but also in RNA virus therapy in genera! and 
more in particularly Hlv-1 therapy. 

Nucleotide sequences are presented herein by single 
strand, in the 5 T to 3 T direction, from left to right, using the one letter 
nucleotide symbols as commonly used in the art ana in accordance with 
10 the recommendations of the IUPAC-IUB Biochemical Nomenclature 
Commission. 

Unless defined otherwise,, the scientific and 
technological terms gnd nomenclature useo Herein have the same 
meaning as commonly understood oy a person of ordinary skill to which 

15 this invention pertains Generally, the procedures for ceil cultures, 
infection, molecular Dioiogy methods and the liKe are common methods 
used in the art. Such standard techniques can ds found in reference 
manuals such m for example Sambrook et ah (1989, Molecular Cloning 
-A Laboratory Manual. Cold Spring Harbor Laboratories) and Ausubei et 

20 aS, (1984, Current Protocols in Molecuiar Biology, Wiley, New York) 

The present description refers to a number of routinely 
used recombinant DNA (rDNAj technology terms. Nevertheless, 
definitions of selected examples of such rDNA terms are provided for 
clarity and consistency. 

25 As used herein, "riucieic acid motecuie ff refers to a 

polymer of nucleotides. Non-limiting examples thereof include DNA (i.e. 
genomic DNA, oDNA) and RNA molecules ti e mRNA) The nucleic acid 
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molecule can be obtained by cloning techniques or synthesized. DNA can 
be double-stranded or single stranded (coding strand or non-coding 
strand [antisense]). 

The term Isolated nucleic acid molecule" refers to a 
5 nucleic acid molecule purified from its natural environment. Non-limiting 
examples of an isolated nucleic acid molecule is a DNA sequence 
inserted into a vector, and a partially purified polynucleotide sequence in 
solution. 

The term "recombinant DNA" as Known in the art refers 

10 to a DNA molecule resulting from the joining of DNA segments. This is 
often referred to as genetic engineering. 

The term 'DNA segment", is used herein, to refer to a 
DNA molecule comprising a linear stretch or sequence of nucleotides. 
This sequence when read in accordance with the genetic code, can 

1 5 encode a linear stretch or sequence of ammo acids which can be referred 
to as a polypeptide, protein, protein fragment and the like. 

The terminology ''amplification pair' 3 refers herein to a 
pair of oligonucleotides (oiigos) of the present invention, which are 
selected to be used together m amplifying a selected nucleic acid 

20 sequence by one of a number of types of amplification processes, 
preferably a polymerase chain reaction. Other types of amplification 
processes include ligase chain reaction, strand displacement 
amplification, or nucleic acid sequence-based amplification, as explained 
in greater detail beSow, As commonly Known in the art, the oiigos are 

25 designed to bind to a complementary sequence under selected 
conditions. For example, homologs of human or mouse staufen could be 
isolated using an amplification method such as PCR with an amplification 
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pair designed by comparing the homology of the human and mouse 
sequences. 

The nucleic acid (Le, DNA or RNA) for practicing the 
present invention may be obtained according to well known methods. 
5 As used herein, the term "physiologically relevant" is 

meant to describe interactions which can modulate transcription of a gene 

in its natural setting. 

Qiigonucieotide probes or primers of the present 
invention may be of any suitable length, depending on the particular 

10 assay format and the particular needs and targeted genomes employed. 
In genera!, the oligonucleotide probes or primers are at least 12 
nucleotides in length, preferably between 15 and 24 molecules, and they 
may be adapted to be especially suited to a chosen nucleic acid 
amplification system As commonly known in the art. the oligonucleotide 

15 probes and primers can be designed by taking into consideration the 
melting point of hydnzidation thereof with its targeted sequence (see 
below and in SambrooK et al. T 19S3 ! Molecular Cloning - A Laboratory 
Manual, 2nd Edition, CSH Laboratories; Ausubel et al., 1989, in Current 
Protocols in Molecular Biology, John Wiley & Sons Inc., N.Y.}- 

20 The terms "DNA oligonucleotide", or "DNA molecule 7 ' or 

"DNA sequence" refer to a molecule comprised of the 
deoxyribonucieotides adenine (A) guanine (G), thymine (T) and/or 
cytosine (C). Oligonucleotide or DNA can be found in linear DNA 
molecules or fragments, viruses, piasmlds, vectors, chromosomes or 

25 synthetically derived DNA. 

"Nuciejc acid hybridization" refers generally to the 
hybridization of two single-stranded nucieic acid molecules having 
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complementary base sequences, which under appropriate conditions will 
form a thermodynarnically favored double-stranded structure. Examples 
of hybridization conditions can be found in the two laboratory manuals 
referred above (Sambrook et al, 1989, supra and Ausubel et al„ 1988, 

5 supra) and are commonly Known in the art. In the case of a hybridization 
to a nitrocellulose filter, as for example in the well Known Southern 
blotting procedure, a nitrocellulose filter can be incubated overnight at 
65°C with a labeled probe in a solution containing high salt ( 5 x SSC or 
5 x SSPE), 5 x Denhardt's solution, 1% SDS r and 100 pg/ml denatured 

10 carried DNA ( i.e. salmon sperm DNA). The non-specificaily binding 
probe can then be washed off the filter by several washes in 0.2 x 
SSC/0.1% SDS at a temperature which is seiected in view of the desired 
stringency: room temperature (low stringency), 42 G C (moderate 
stringency) or 65°C (high stringency). The selected temperature is based 

1 5 on the melting temperature (Tm) of the DNA hybrid. Of course, RNA-DNA 
hybrids can aiso be formed and detected. !n such cases, the conditions 
of hybridization and washing can be adapted according to well known 
methods by the person of ordinary skill Stringent conditions will be 
preferably used (SambrooK et al.,1989. supray As welt Known in the art 

20 other stringent hybridization conditions can be used (i.e. 42°C in the 
presence of 50% of formamide). 

Probes of the invention can be utilized with naturally 
occurring sugar-phosphate backbones as well as modified backbones 
including phosphorothioates 3 dithionates, alKyl phosphonates and 

25 a-nuc!eotides and the like. Modified sugar-phosphate backbones are 
generally taught by Miller. 1988 (Ann. Reports Med. Chem, 23:295) and 
Moran et al., 1987 (NucL Acids Res., 14:5019), Probes of the invention 
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can be constructed of either ribonucleic acid (RNA) or deoxyribonucleic 
acid (DNA), and preferably of DNA, 

The types of detection methods in which probes can be 
used include Southern blots (DNA detection), dot or slot blots (DNA, 
5 RNA), and Northern blots (RNA detection), labeled proteins could also be 
used to detect a particular nucleic acid sequence to which it binds. Other 
0 detection methods include kits containing probes on a dipstick setup and 

the like. 

H Although the present invention is not specifically 

q 10 dependent on the use of a label for the detection of a particular nucleic 

£ acid sequence, such a label might be beneficial, by increasing the 

^ sensitivity of the detection. Furthermore, it enables automation, Probes 

ill can be labeled according to numerous welt known methods (Sambrook 

jpf et al., 1989, supra). Non-limiting examples of labels include 3 H, 14 C r 22 P, 

m 15 and 33 S. Non-limiting examples of detectable markers include [igands, 

fluorophores, chemiluminescent agents, enzymes, and antibodies. Other 
detectable markers for use with probes, which can enable an increase in 
sensitivity of the method of the invention, include biotin and 
radionucleotides. It will become evident to the person of ordinary skill that 
20 the choice of a particular label dictates the manner in which it is bound to 
the probe. 

As commonly known, radioactive nucleotides can be 
incorporated into probes of the invention by several methods. Non-limiting 
examples thereof include kinasing the 5' ends of the probes using gamma 
25 32 P ATP and polynucleotide kinase, using the Klenow fragment of Po! I of 
E. coli m the presence of radioactive dNTP (i.e uniformly labeled DNA 
probe using random oligonucleotide primers in low-melt gels), using the 
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SP6fT7 system to transcribe a DNA segment in the presence of one or 
mora radioactive NTP, and the like 

As used herein, "oligonucleotides' 1 or ' oiigos" define a 
molecule having two or more nucleotides (nbo or deoxyribonucleotides). 
5 The size of the oiigo will be dictated by the particular situation and 
ultimately on the particular use thereof and adapted accordingly by the 
person of ordinary skiiL An oligonucleotide can be synthetised chemically 
or derived by cloning according to well Known methods. 

As used herein, a "primer" defines an oligonucleotide 
10 which is capable of annealing to a target sequence, thereby creating a 
double stranded region which can serve as an initiation point for DNA 
synthesis under suitable conditions 

Amplification of a selected, or target, nucleic acid 
sequence may be carried out by a number of suitable methods. See 
15 generally Kwoh et al., 1990, Am. Biotechnol. Lab. fi- 14-25. Numerous 
amplification techniques have been described and can be readily adapted 
to suit particular needs of a person of ordinary skill, Non-iimiting examples 
of amplification techniques include polymerase chain reaction (PGR), 
ligase chain reaction (LCR), strand displacement amplification (SDA), 
20 transcription-based amplification, the QB repiicase system and NASBA 
(Kwoh etal , 1989, Proc. Natl Acad, Set. USA 86, 1173-1177; Lizardi et 
al., 1988, BioTechnologyfi:1 197-1202; Malek et al., 1994, Methods Mot. 
Biol., 28:253-280; and Sambrook et aL, 1989, supra). Preferably, 
amplification will be carried out using PGR. 
25 Polymerase chain reaction (PGR) is carried out in 

accordance with Known techniques. See, e.g., U S. Pat Nos. 4,883,195; 
4,683,202; 4,300,159; and 4,965,188 {the disclosures of all three U.S. 
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Patent are incorporated herein by reference) in general, PGR involves, 
a treatment of a nucleic acid sample (e.g., in ihe presence of a heat 
stable DNA polymerase) under hybridizing conditions, with one 
oligonucleotide primer for each strand of the specific sequence to be 
5 detected. An extension product of each primer which is synthesized is 
complementary to each of the two nucleic acid strands, with the primers 
P sufficiently complementary to each sirand of the specific sequence to 

* hybridize therewith The extension product synthesized from each primer 

H can also serve as a template for further synthesis of extension products 

0 1Q using the same primers. Following a sufficient number of rounds of 
J: synthesis of extension products, the sample is analysed to assess 

1 whether the sequence or sequences to be detected are present, 
jjj Detection of the amplified sequence may be carried out by visualization 
rf following EtBr staining of the DNA following gej eiectrophores, or using 
*B 1 5 a detectable label in accordance with known techniques, and the like. For 

a review on PGR techniques (see PGR Protocols, A Guide to Methods 
and Amplifications, Michael et ai. Eds, Acad. Press, 1990). 

Ligase chain reaction (LCR) is carried out in accordance 
with Known techniques (Weiss, 1991, Science £54:1 292). Adaptation of 

20 the protocol to meet the desired needs can be carried out by a person of 
ordinary skili. Strand displacement amplification (SDA) is also carried out 
in accordance with Known techniques or adaptations thereof to meet the 
particular needs (Walker at aL 1S92, Proc, Natl Acad. Set. USA 
89:392-396; and ibid., 1992, Nucleic Acids Res. 20:1691-1696. 

25 As used herein, the term "gene 11 \s well known in the art 

and relates to a nucleic acid sequence defining a single protein or 
polypeptide. A "structural gene" defines a DNA sequence which is 
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transcribed into RNA and translated into a protein havsng a specific amino 
acid sequence thereby giving rise the a specific polypeptide or protein. It 
will readily recognized by the person of ordinary skill, that the nucleic acid 
sequence of the present invention csn be incorporated into anyone of 
5 numerous established Kit formats which are well known in the art, 

A "heterologous 1 ' 0 e* a heterologous gene) region of a 
DNA molecule is a subsegment segment of DNA within a larger segment 
that is not found in association therewith in nature. The term 
"heterologous" can be similarly used to define two polypeptide segments 
10 not joined together in nature. Non-limiting examples of heterologous 
genes include reporter genes such as luciferase, chloramphenicol acetyl 
transferase, [3-gaSactosida$e, and the like which can be juxtaposed or 
joined to heterologous control regions or to heterologous polypeptides. 

The term "vector" is commonly Known in the art and 
15 defines a plasmid DNA, phage DNA, viral DNA and the like, which can 
serve as a DNA vehicle into which DNA of the present invention can be 
cloned. Numerous types of vectors exist and are well Known in the art. 

The term "expression" defines the process by which a 
structural gene is transcribed into mRNA (transcription), the mRNA is then 
20 being translated (translation) into one polypeptide (or protein) or more. 

The terminology "expression vector" defines a vector or 
vehicle as described above but designed to enable the expression of an 
inserted sequence following transformation into a host. The cloned gene 
(inserted sequence) is usually placed under the control of contra! element 
25 sequences such as promoter sequences. The placing of a cloned gene 
under such control sequences is often refered to as being operably linked 
to control elements or sequences. 
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Operably linked sequences may also include two 
segments that are transcribed onto the same RNA transcript. Thus, two 
sequences, such as a promoter and a "reporter sequence" are operably 
linKed if transcription commencing in the promoter will produce an RNA 
5 transcript of the reporter sequence, in order to be "operably linked" it is 
not necessary that two sequences be immediately adjacent to one 
O another. 

ffi Expression control sequences will vary depending on 

t: whether the vector is designed to express the operably iinked gene in a 

O 10 prokaryotic or eukaryotic host or both {shuttle vectors) and can 

|5 additionally contain transcriptional elements such as enhancer elements, 

L. termination sequences, tissue-specificity elements, and/or translations! 

Ul initiation and termination sites, Typically, expression vectors are 

LI prokaryote specific or eukaryote specific although shuttle vectors are also 

^ 15 widely available 

Prokaryotic expression are useful for the preparation of 
large quantities of the protein encoded by the DNA sequence of interest. 
This protein can be purified according to standard protocols that take 
advantage of the intrinsic properties thereof, sych as size and charge (i.e. 

20 SDS ge! electrophoresis, gel filtration, centrifugation, ion exchange 
chromatography.,.)- in addition, the protein of interest can be purified via 
affinity chromatography using polyclonal or monoclonal antibodies. The 
purified protein can be used for therapeutic applications 

The DNA construct can be a vector comprising a 

25 promoter that is operably linked to an oligonucleotide sequence of the 
present invention, which is m turn, operably linked to a heterologous 
gene, such as the gene for the iuciferase reporcer molecuie. "Promoter" 
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refers to a DNA regulatory region capable of binding directly or indirectly 
to RNA polymerase in a ceti and initiating transcription of a downstream 
(3* direction) coding sequence. For purposes of the present invention, the 
promoter is bound at its 3' terminus by the transcription initiation site and 
5 extends upstream (5 1 direction) to include the minimum number of bases 
or elements necessary to initiate transcription at levels detectable above 
o background. Within the promoter will be found a transcription initiation site 

ff* (conveniently defined by mapping with ST nuclease), as well as protein 

If binding domains (consensus sequences) responsible for the binding of 

O 10 RNA polymerase. Eukaryotic promoters will often, but not always, contain 

:£ 'TATA 1 ' boxes and "CCAT" boxes, Prokaryotic promoters contain 

^ Shine-Daigarno sequences in addition to the -10 and -35 consensus 

yi sequences. 

;; y As used herein, the designation "functional derivative" 

tfj 1 5 denotes, in the context of a functional derivative of a sequence whether 

an nucleic acid or amino acid sequence, a molecule that retains a 
biological activity (either function Gr structural) that is substantially similar 
to that of the original sequence. This functional derivative or equivalent 
may be a natural derivatives or may be prepared synthetically. Such 
20 derivatives include amino acid sequences having substitutions, deletions, 
or additions of one or more amino acids, provided that the biological 
activity of the protein is conserved. The same applies to derivatives of 
nucleic acid sequences which can have substitutions, deletions, or 
additions of one or more nucleotides, provided that the pioiogical activity 
25 of the sequence is generally maintained. When relating to a protein 
sequence, the substituting amino acid as chemico-physical properties 
which are similar to that of the substituted amino acid. The similar 



May-2HB9 15:14 



From-GOUDREAU GAGE DUBUC 



T-S29 P 36/50 F-094 



30 



chemico-physical properties include, similarities in charge, bulKiness. 
hydrophobicity, hyctrophylicsty and the like. The term "functional 
derivatives" is intended to include "functional fragments", "functional 
segments", "functional variants", "functional analogs" or "functional 
5 chemical derivatives" of the subject matter of the present invention. 
"Fragments' 7 of the nucleic acid molecules according to the present 
invention refer to such molecules having at least 12 nt, more particularly 
at least 18 nt, and even more preferably at least 24 nt which have utility 
as diagnostic probes and/or primers. It will become apparent to the 
10 person of ordinary skill that larger fragments of 100 nt 1000 nt, 2000 nt 
and more also find utility in accordance with the present invention. 

The term w at least 24 nf is meant to refer to 24 
contiguous nt of a chosen sequence such as shown for example in 
Figure 1A, IB 1C, 1D and V 
15 The term "functional variant" refers herein to a protein 

or nucleic acid molecule which is substantially similar in structure and 
biological activity to the protein or nucieic acid of the present invention. 

The functional derivatives of the present invention can 
be synthesized chemically or produced through recombinant DNA 
20 technology, all these methods are well Known in the art. 

The term "molecule ' is used herein in a broad sense and 
is intended to include natural molecules, synthetic molecules, and mixture 
of natural and synthetic molecules. The term ''molecule" is also meant to 
cover a mixture of more than one molecule such as for example pools or 
25 libraries of molecules. Non-limiting examples of molecules include 
chemicals, biological macromolecules, cell extracts and the like. The term 
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"compound" is used herein interchangeably with molecule and is similarly 
defined 

Nucleic acid fragments in accordance with the present 
invention include epitope-encoding portions of the polypeptides of the 

5 invention. Such portions can be identified by the person of ordinary skill 
using the nucleic acid sequences of the present invention in accordance 
with well known methods, Such epitopes are useful in raising antibodies 
that are specific to the polypeptides of the present invention. The 
invention also provides nucleic acid molecules which comprise 

10 polynucleotide sequences capable of hybridizing under stnngent 
conditions to the polynucleotide sequences of the present invention or to 
portions thereof 

The term hybridizing to a "portion of a polynucleotide 
sequence" refers to a polynucleotide which hybridizes to at least 12 nt, 
15 more preferably at least 18 nt, even more preferably at ieast 24 nt and 
especially to about 50 nt of a polynucleotide sequence of the present 
invention. 

The present invention further provides isolated nucleic 
acid molecules comprising a polynucleotide sequences which is at least 

20 95% identical, and preferably from 96% to 99% identical to the 
polynucleic acid sequence encoding the full length staufen polypeptides 
(i.e. 55 and 63 kDa hStau) or fragments and/or derivatives thereof. 
Methods to compare sequences and determine tneir homology/identity 
are well Known in the art and exemplified herein. 

25 As used herein, "chemical derivatives" is meant to cover 

additional chemical moieties not normafiy part of the subject matter of the 
invention. Such moieties could affect the physico-chemical characteristic 
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of the derivative (i.e. solubility, absorption , half life and the like, decrease 
of toxicity). Such moieties are exempted in Remington's Pharmaceutical 
Sciences (1980). Methods of coupling these chemical-physical moieties 
to a polypeptide are well known in the art. 
5 The term "allele" defines an alternative form of a gene 

which occupies a given locus on a chromosome, 
o As commonly Known . a "mutation" is a detectable 

J change in the genetic materia! which can be transmitted to a daughter 

H ce \i a £ well Known, a mutation can be, for example, a detectable change 

0 10 in one or more deoxy ribonucleotide. For example, nucleotides can be 
5 added, deleted, substituted for, inverted, or transposed to a new position. 
^ Spontaneous mutations and experimentally induced mutations exist. The 

01 result of a mutations of nucleic acid molecule is a mutant nucleic acid 
iu molecule. A mutant polypeptide can be encoded from this mutant nucleic 
^[ 15 acid molecule. 

As used herein, the term "purified" refers to a molecule 
having been separated from a cellular component, Thus, for example, a 
"purified protein" has been purified to a level not found in nature. A 
"substantially pure" molecule is a molecule that is lacKing in all other 

20 cellular components. 

The term "isolated polypeptide' 5 refers to a polypeptide 
removed from its natural environment. Non-iirnifeng examples of isolated 
polypeptides include a polypeptide produced recombinant^ in a host cell 
and partially or substantially purified polypeptides from such host cells. 

25 The polypeptides of the present invention comprise polypeptides encoded 
by the nucleic acid molecules of the present invention, as shown for 
example in Figure iA r IB, 1C, 1D and V The present invention also 



May-21-ffe 15:18 

4 



From-GOUDREAU GAGE DUBUC 



T-32S P. 41/50 F-094 



33 



provides polypeptides comprising amino acids sequences which are at 
least 95% homologous, preferably from 96-99% homologous, even more 
preferably at least 35% identical and especially preferably from 96% to 
99% identical to the full length staufen polypeptide sequence or 
5 fragments or derivatives thereof. 

As used harem, the terms "molecule", "compound" or 
ligand" are used interchangeably and broadly to refer to natural, 
synthetic or semi-synthetic molecules or compounds. The term "molecule" 
therefore denotes for examples chemicals, macromoiecuies, cell or tissue 
10 extracts (from piants or animals) and the like Non-limiting examples of 
molecules include nucleic acid molecules peptides, antibodies, 
carbohydrates and pharmaceutical agents. The agents can be selected 
and screened by a variety of means including random screening, rational 
selection and by rational design using for example protein or ligand 
15 modelling methods such as computer modelling. The terms "rationally 
selected" or "rationally designed" are meant to define compounds which 
have been chosen based on the configuration of me interaction domains 
of the present invention. As will be understood by the person of ordinary 
skill, macromoiecuies having non-naturally occurring modifications are 
20 also within the scope of the term "molecule. For example, 
peptsdomimetics, well known in the pharmaceutical industry and generally 
re f erre( j to as peptide analogs can be generated by modelling as 
mentioned above. Similarly, in a preferred embodiment, the polypeptides 
of the present invention are modified to enhance their stability. It should 
25 be understood that in most cases this modification should not alter the 
biological activity of the interaction domain. The molecules identified in 
accordance with the teachings of the present invention have a therapeutic 
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value is diseases or conditions in which the pnysiology or homeastasis of 
the cell and/or tissue is compromised by a defect in in modulating gene 
expression and/or translation. Alternatively, the molecules identified in 
accordance with the teachings of the present invention find utility in the 

5 development of more efficient cell lines or cell extracts for translating 
mRNAs. Non-limiting examples of diseases and/or conditions in which 
the protein and/or nucleic acid molecules of the present invention find 
utility include cancer, apoptosis and aberrant proliferation of ceils. 

As used herein, agonists and antagonists of translation 

io activity also include potentiators of known compounds with such agonist 
or antagonist properties. In one embodiment agonists can be detected 
by contacting the indicator cell with a compound or mixture or library of 
molecules, for a fixed period of time, and then determining the effect of 
the compound on the ceil. 

15 The level of gene expression of the reporter gene (e.g. 

the level of luciferase, or (3-gal, produced) within the treated cells can be 
compared to that of the reporter gene in the absence of the molecule(s). 
The difference between the levels of gene expression indicates whether 
the molecule(s) of interest agonizes the aforementioned interaction. The 

20 magnitude of the level of reporter gene product expressed (treated vs. 
untreated ceils) provides a relative indication of the strength of that 
moiecule(s) as an agonist- The same type of approach can also be used 
in the presence of an antagonist(s). 

Alternatively, an indicator eel! in accordance with the 

25 present invention can be used to identify antagonists. For example, the 
test molecule or molecules are incubated with the host ceil in conjunction 
with one or more agonists held at a fixed concentration. An indication and 
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relative strength of the antagonistic properties of the moiecufe(s) can be 
provided by comparing the level of gene expression in the indicator ceil 
in the presence of the agonist in the absence of test molecules vs in the 
p resence thereof. Of course, the antagonistic effect of a rnolecuie can 

5 also be determined in the absence of agonist, simply by comparing the 
level of expression of the reporter gene product in the presence and 
absence of the test molecule(s). 

It shall be understood that the "in vivo" experimental 
mode! can also be used to carry out an 4 7n vitro' assay. For example, 

10 cellular extracts from the indicator cells can be prepared and used in one 
of the aforementioned "in vitro" tests (such as binding assays or in vitro 
translations) 

As used herein the recitation "indicator ceils 71 refers to 
ceils wherein an interaction between staufen and dsRNA and/or staufen 

15 and tubulin for example ss coupled to an identifiable or selectable 
phenotype or characteristic such that it provides an assessment of the 
interaction between these domains. Such indicator cells can be used in 
the screening assays of The present invention, in certain embodiments, 
the indicator cells have been engineered so as to express a chosen 

20 derivative, fragment, homolog, or mutant of staufen. The cells can be 
yeast cells or higher eukaryotic cells such as mammalian cells {WO 
98/41169). In one particular embodiment, the indicator ceil is a yeast eel! 
harboring vectors enabling the use of the two hybrid system technology, 
as well Known in the art (Ausubei et al., 1394 5 supra) and can be used to 

25 test a compound or a library thereof in one embodiment a reporter gene 
encoding a selectable marker or an assayable protein can be operably 
linked to a control element such That expression of the selectable marker 
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or assayable protein is dependent on the interaction of the a staufen 
domain with a binding partner (i.e. tubulin). Such an indicator ceil could 
be used to rapidly screen at high-throughput a vast array of test 
molecules. In a particular embodiment the reporter gene is luciferase or 
5 P~Gai. 

As exemplified herein below m one embodiment, at least 
one staufen domain may be provided as a fusion protein. The design of 
constructs therefor and the expression and production of fusion proteins 
are exemplified herein (i.e Example 2) and are well Known in the art 

10 (Sambrook et aL, 1989, supra: and Ausubei et al> 1994, supra), in a 
particular embodiment, both the binding partner of staufen and staufen 
are part of fusion proteins 

Non-iimiting examples of such fusion proteins include a 
hemagiutinin A (HA) fusions and GSuthione-S-transferase (GST) fusions, 

15 HIS fusions, FLAG fusions, and Maltose binding protein (MBP) fusions. 
In certain embodiments, it might be beneficial to introduce a protease 
cleavage site between the two polypeptide sequences which have been 
fused. Such protease cleavage sites between two heteroiogously fused 
polypeptides are well known in the art. 

20 In certain embodiments, it might also be beneficial to 

fuse the interaction domains of the present invention to signal peptide 
sequences enabling a secretion of the fusion protein from the host cell. 
Signal peptides from diverse organisms are well known in the art. 
Bacterial OmpA and yeast Suc2 are two non-limiting examples of proteins 

25 containing signal sequences, in certain embodiments, it might also be 
beneficial to introduce a linker (commonly Known) between the interaction 
domain and the heterologous polypeptide porrion. Such fusion protein find 
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utility in the assays of the present invention as weil as for purification 
purposes, detection purposes and the like. 

For certainty, the sequences and polypeptides useful to 
practice the invention include without being limited thereto rnutants ) 
5 homoiogs, subtypes, alleles and the like, it shall be understood that 
generally, the sequences of the present invention shouid encode a 

0 functional (albeit defective) interaction domain, it will be clear to the 
p s person of ordinary sKjII that whether an interaction domain of the present 
H invention, variant, derivative, or fragment thereof retains rts function in 
P 10 binding to its partner can be readily determined by using the teachings 
2: and assays of the present invention and the genera! teachings of the art, 

As exemplified herein below, the interaction domains of 

01 the present invention can be modified, for example by in vitro 
% y mutagenesis, to dissect the structure-function relationship thereof and 

15 permit a better design and identification of modulating compounds, 
However, some derivative or analogs having lost their biological function 
of interacting with their respective interaction partner may still find utility, 
for example for raising antibodies. Such analogs or derivatives could be 
used for example to raise antibodies to the interaction domains of the 

20 present invention. These antibodies could be used for detection or 
purification purposes. In addition, these antibodies could also act as 
competitive or non-competitive inhibitor and be found to be modulators of 
staufen activity. 

A host ceii or indicator cell has been "transfected" by 
25 exogenous or heterologous DNA (e.g. a DNA construct) when such DNA 
has been introduced inside the ceil. The transfecting DNA may or may not 
be integrated (covalentiy linked) into chromosomal DNA making up the 
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genome of the celt, in prokaryotes, yeast, and mammalian ceils for 
example, the transfecting DNA may be maintained on an episomal 
element such as a plasmid. With respect to eukaryotic cells, a stably 
transferred cell is one in which the transfecting DNA has become 

5 integrated into a chromosome so that it is inherited by daughter cells 
through chromosome replication. This stability is demonstrated by the 
ability of the eukaryotic cell to establish ceii lines or clones comprised of 
a population of daughter ceils containing the transfecting DNA. 
Transection methods are well known in the art (Sambrook et al., 1989, 

10 supra; Ausubel et al., 1994, supra). It will be understood that extracts 
from animaS cells or mammalian ceils for example could be used in certain 
embodiments, to compensate for the lack of certain factors in lower 
eukaryotic indicator ceils. 

in general, techniques for preparing antibodies 

15 (including monoclonal antibodies and hybridomas) and for detecting 
antigens using antibodies are well known in the an (Campbell, 1984, In 
"Monoclonal Antibody Technology; Laboratory Techniques in 
Biochemistry and Molecular Biology", Elsevier Science Publisher, 
Amsterdam, The Netherlands) and in Harlow et al., 1988 (in: Antibody - 

20 A Laboratory Manual, CSH Laboratories) The present invention also 
provides polyclonal, monoclonal antibodies, or humanized versions 
thereof, chimeric antibodies and the like which inhibit or neutralize their 
respective interaction domains and/or are specific thereto. 

The present invention also provides antisense nucleic 

25 acid molecules which can be used for example to decrease or abrogate 
the expression of staufen An antisense nucleic acid molecule according 
to the present invention refers to a molecule capable of forming a stable 
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duplex or triplex with a portion of its targeted nucleic acid sequence (DNA 
or RNA) The use of antisense nucleic ado molecules and the design and 
modification of such molecules is well Known in the art as described for 
example in WO 96/32968, WO 96/11266, WO 94/15646, WO 93/08845, 
5 and USP 5,593,974. Antisense nucleic acid molecules according to the 
present invention can be derived from the nucleic acid sequences and 
0 modified in accordance to well Known methods. For example, some 

^ antisense molecules can be designed to De more resistant to degradation 

M; to increase their affinity to their targeted sequence, to affect their 

o 10 transport to chosen ceil types or cell compartments, and/or to enhance 

j! their lipid solubility by using nucleotide analogs and/or substituting chosen 

chemical fragments thereof, as commonly known in the art. 

o 

yi From the specification and appended claims, the term 

Vl therapeutic agent should be taken tn a broad sense so as to also include 

^3 15a combination of at least two such tnerapeutic agents. Further, the DNA 

segments or proteins according to the present invention can be 
introduced into individuals m a number of ways. For example, 
erythropoietic ceils can be isolated from the afflicted individual, 
transformed with a DNA construct according to the invention and 
20 reintroduced to the afflicted individual in a number of ways, including 
intravenous injection. Alternatively, the DNA construct can be 
administered directly to the afflicted individual, for example, by injection 
in the bone marrow. The DNA construct can also be delivered through a 
vehicle such as a liposome, or nanoerythrosome which can be designed 
25 to be targeted to a specific cell type, and engineered to be administered 
through different routes. 
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For administration to humans, the prescribing medicai 
professional will ultimately determine the appropriate form and dosage for 
a given patient, and this can be expected to vary according to the chosen 
therapeutic regimen (Le DNA construct, protein, ceils), the response and 
condition of the patient as well as the severity of the disease. 

Composition within the scope of the present Invention 
should contain the active agent (i.e. fusion protein, nucleic acid, and 
molecule) in an amount effective to achieve an inhibitory effect on HIV 
and related viruses while avoiding adverse side effects. Typically, the 
nucleic acids in accordance with the present invention can be 
administered to mammals (i e. humans) tn doses ranging from 0.005 to 
1 mg per kg of Dody weight per day of the mammal which is treated. 
Pharmaceutical acceptable preparations and saits of the active agent 
are within the scope of the present invention and are weii Known in the art 
{Remington's Pharmaceutical Science. 18th Ed., Mack Ed.). For the 
administration of polypeptides, antagonists, agonists and the liKe, the 
amount administered should be chosen so as to avoid adverse side 
effects. The dosage will be adapted by the clinician in accordance with 
conventional factors such as the extent of the disease and different 
parameters from the patient. Typically, 0.001 to 50 mg/kg/day wili be 
administered to the mammal. 

As used herein, "RNA viruses" is used broadly to cover 
retroviruses and non-retroviruses (such as Reovirus and poliovirus). 

As used herein, HiV is used loosely to refer to HIV-1, 
HIV-2 and to SIV and related viruses. 

The present invention is illustrated in further detail by the 
following non-limiting examples 
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EXAMPLE 1 

MOLECULAR CLONING AND S EQUENCING OF THE cDNAs 

In order to dene a human smufen hornoiogue, the 
GenBank database was searched with Drosophiia dsRNA-binding 
5 domain sequences to find consensus sequences and eventually design 
degenerate oligonucleotide primers for RT-PCR. However, searching in 
the expressed sequence tags (EST} database identified a partial 
sequence, clone HFBDG83 (GenBank accession number TQ6248), with 
high homology to the Drosophita sequence This clone was purchased 

1 0 from the American Type Culture Collection and used as a probe to screen 
both human brain (Clontech) and foetal total mouse (a generous gift from 
A. Roya!} cDNA libraries as described previously (WicKham and 
DesGroseillers, 1991). DNA from the isolated XGT1Q clones was 
subcloned into a Biuescript™ vector (Stratagene). Double-stranded DNA 

15 was sequenced by the dideoxynucSeotide method, according to 
Sequenase™ protocols (United States Biochemical Corp.). 



EXAMPLE 2 

CONSTRUCTION OF FUSION PROTEINS 

20 The 1 .2 kbp BamHi fragment of the human HFBDQ83 

cDNA was subcloned in frame in either pQE32 (Qiagen) or pMAL-c (New 
England Biolabs) thus generating the protein fused to a hexahistidine tag 
or to the maltose-binding protein (MBP), respectively The protein was 
expressed in bacteria by inducing with IPTG, as recommended by the 

25 manufacturer Full-length and internal fragments of the mStau protein 
were PCR-amplified and cloned into pMal-c to produce fusion proteins 
with the maltose-binding protein. For the expression of the internal 
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domains, which do not contain an endogenous stop codon, the PCR 
fragments were cloned in a modified pMal-c vector (pMai-stop) in which 
stop codons were introduced at the Hindii! site, by the ligation of the 
annealed complementary oligonucleotides 5-AGCTTAATTAGCTGAC-3' 
5 and 5'-AGCTGTCAGCTAATTA-3\ The MBP/mSTAU fusion protein, 
containing the full-length mStau sequence, was generated by PCR 
amplification with Vent DNA polymerase (New England BioLabs), using 
1 the primer pair 5-CCTGGATCCGAA^GTATAGCTTCTACCA7TG-3 T and 

I S'-TACATAAGCTTCTAGATGGCCAGAAAAGGTTCAGCA-S'. The 

! 10 resulting 1582 bp fragment was digested with Hindii! and BamHI, and 

; ligated in the pMal-c vector The C-terminal fragment (mSTAU-C) was 

■ amplified with the primer pair 5-GGATGAATCCTATTAGTAGACTT- 

j GCAC-3 1 and 5-TACATAAG CTTCTAGATGG GC A GAAAAGGTTC AG- 

f CA-3', digested with Mindlll and cloned in the Eagl* and Hndll! sites of 

J 1 5 pMai-c, Eagr was created by filling in the cohesive ends of Eagl-digested 

* l pMal-c vector using the K!enow fragment of DNA polymerase I. This 

fusion vector was then digested with Sacl ana EcoRI and the resulting 
fragment was subcloned in the pMal-stop vector to generate the 
mSTAU-RBD3 construct, The mSTAU-TBD construct was prepared by 
20 PCR using the primer pair S'-GCTCTAGATTCAAAGTTCCCCAGG- 
CGCAG-3' and 5'-TTTAAGCTTCTCAGAGGGTCTAGTGCGAG-3'; the 
product was digested with Xba! and Hindii! and cioned in the pMal-stap 
vector mSTAU-RBD2 and mSTAU-RBDI were constructed by first 
amplifying a fragment using the primer pair 5-CAATGTATAAGCCC- 
25 GTGGACCC-3' and S-AAAAAGCTTGTGCAAGTCTACTAATAGGATT- 
CATCC-3 1 . The resulting product was digested with HindHl and cloned in 
the Eagr and Htndlll sites of the pMahstop vector. This vector was then 
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used to purify the 398 bp Pst! and Hindffl fragment, which was subcioned 
in the pMAL-stop vector to generate the mSTAU-RBD2 construct. In the 
same way, the mSTAU-RBDi vector was obtained by digestion with Smai 
and Stui, followed by recircufarization of the digestion product using T4 
5 DNA iigase The mSTAU-RBD4 was PGR amplified using the primer pair 
S'-ATAGCCCGAGAGTTGTTG-S' and 5-TACATAAGCTTCTAGATGGC- 
C AG AAAAGGTTG AGC A-3' . The resulting fragment was digested with 
Hindlii and hgated in the pMahstop vector at the StuI and HindlH sites. All 
the MBP/staufen fusion piasmids were transformed in the BL-21 E.coW 
10 strain The fusion proteins were obtained after induction with imM IPTG 
for 2-3 hours, Ceiis were [ysed in SDS-PAGE loading Duffer for immediate 
use, or frozen at -80 "C for storage. 

EXAMP LE 3 

IS ANTIBODY PRODUCTION AND WESTERN BLOTTING 

For the production of antibodies, a large amount of the 
his/hStau fusion protein was purified on Ni-NTA resin (Qiagen), as 
recommended by the manufacturers, and injected into raobits, as done 
previously (Aloyz and DesGroseillers, 1995). For western blotting, cells 

20 ware jysed in 1% n-octy]gluoosid, 1 mM PMSF, 1 mg/ml aprotinin and 1 
nag/mi pepstatin A in PBS, Protein extracts were quantified by the 
Bradford method (Bio-Rad), and similar amounts of proteins were 
separated on 10% SDS-polyacrylamide gels and transferred onto 
nitrocellulose membranes. Membranes were blocked for 30 min in TBS 

25 {Tris-bufferad saline) plus 5% dry milk and incubated with primary 
antibodies in TBS plus Q.C5% Tween™ for 1 hr at room temperature- 
Detection was accomplished by incubating the blots with 
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peroxydase-conjugated anti-rabbit immunoglobulin antibodies (Dimension 
Labs) followed by Supersignai™ Substrate (Pierce), as recommended by 
the manufacturer. 

5 EXAMPLE 4 

RfsjA-ftlNIDlNG ASSAY 

Bacterial extracts from IPTG-induced cultures were 
separated on 1 0% SPS-pciyacrylamide geis ana the proteins transferred 
onto nitrocellulose membranes. Membranes were incubated in the 
10 presence of [ J2 P]-labe!ed RNA probes .n 50 mM NaC!, 10 mM MgC!2, 10 
mM Hepes, pH 8 0, 0.1 mM EDTA. imM DTT. 0.25% milk, for 2 hr at 
room temperature, washed in the same buffer for 30 min, and exposed 
for autoradiography. For competition assays, an excess of cold 
homopolymers (Pharmacia) was added to the hybridization mixture along 
15 with the labeled probe. The 3-UTR of hicoid cDNA (position 4016 to 
4972) which was PCR-amplified from Drosophiia genomic DNA, and 
subcloned in the bluescript™ vector, was transcribed using T7 RNA 
polymerase in the presence of [a-'' z P}CJP . Synthetic RNAs (Pharmacia) 
were labeled with T4 polynucleotide kinase in the presence of [6- 32 P]ATP. 



20 

EXAMPLE 5 

TMRUUN-BINPING ASSAY 

Bacteria! extracts from IPTG-induced cultures were 
separated on 10% SDS-poiyacrylamide gels and the MBP-tagged 
25 proteins were transferred onto nitrocellulose membranes. Membranes 
were incubated in 10mM Tris, pH 8.0. 150 mM NaCl (TBS) and 1% 
Tween 20 for 45 mtn prior to an overnight overlay with 7 mg/mi tubulin 
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(Sigma) in TBS pfus 0.2% Tween 20. Blots were washed several times in 
TBS pius 0.2% Tween 20, and then incubated with a mixture of mouse 
monocionai anti-cr- and anti-jMnbulin antibodies (ICN). Bound antibodies 
were detected with secondary peroxydase-conjugated anti-mouse 
5 immunoglobulin antibodies (Dimension Labs) and Supersjgnal Substrate 
(Pierce), as statea previously. Separate assays were performed with 
actin and anti-actin antibodies (both from Sigma). 

EXA MPL E 8 

10 IMMUNOFLUORESCENCE 

Hstau/HA and hStau/GFP were constructed by 
PGR-amplification of the full-length cDNA using the primer pair 
5 r -TACATGTCGACTTCCTGCCA/GGGCTGCGGG-3' and 

S'-TACAATCTAGATTATCAGCGGCCGCACCTCCCACACACAGACAT 

1 5 -3', The 3-primer was synthesized with a Notl site just upstream from the 
stop codon allowing ligation of a Not! cassette containing either three 
copies of the HA-tag or the GFP sequence. The resulting fragment was 
cioned in Bluescript following digestion with Sail and XDal The Kpni/Xbai 
fragment was then subcioned in the pCDNA3/RSV vector (Jockers et al., 

20 1998) and a Notl-cassette was introduced at the Notl site. For the 
TBD/GFP fusion protein, the TBD was PCR-ampiified with 
oligonucleotides on each side of this region (5'- 
TACATAAGCTTAAGGCACCATGGTCAAAGTTCCCCAGGCGC-S 1 and 
5 1 - TACAATCTAGAGCGGCCGCGCTCAGAGGGTCTAGTGCGAG-3'), 

25 The sense primer contained an ATG initiation codon and the Kozak 
consensus sequence, upstream from the TBD sequence. The anti-sense 
primer contained a Notl site, just upstream from a stop codon. The 



May-21-99. 14:34 From-GQUDREAU GAGE DUBUC + T-829 P 04/59 F-095 



46 



resisting fragment was digested with Hindi!! and Xbai and cloned into the 
pCDNA3/RSV vector The GFP Notl-cassette was then introduced at the 
Notl site. 

Mammalian ce!is were transiently transfected with the 
cDNAs by the calcium/phosphate precipitation technique, fixed in 4% 
paraformaldehyde in phosphate buffered-saiine (PBS) for 25 min at room 
temperature and permeabilized with 0.3% Triton X-100 in PBS containing 
0.1% BSA. The celis were then DlocKed with 1% BSA in PBS, 0.3% Triton 
X-10Q and incubated with mouse anti-HA, rabDit anti-caireticulin or rabbit 
anti-calnexir. antibodies for 1 hr at room temperature, as indicated. Ceils 
were washed in permeabilizaton buffer and incubated with 
fluorescein-conjugated or Texas-Red-conjugated species-specific 
secondary antibodies (Jackson immunoresearch Laboratories, West 
Grove, PA) in blocking buffer for 1 hr. GFP and GFP fusion proteins were 
detected by autofluorescence. Mounting was done in ImmunoFluor 
Mounting Medium (ICN). For the analysis of cytoskeleton-associated 
proteins, transfected cells were first extracted in 0.3% Triton X-100, 130 
mM HEPES (pH 6 8). 10 mM EGTA, 20 mM MgS04 for 5 min at 4 C. as 
previously described (Davis et al., 1987) They were then fixed in 4% 
paraformaldehyde in PBS and processed for immunofluorescence as 
described above. Celis were visualized by immunofluorescence using the 
63X planApochromat objective of a Zeiss Axioskop fluorescence 
microscope. 

Confocai microscopy was performed with the 60X Nikon 
Plan Apochromat objective of a dual channel BioRad 600 laser scanning 
confocai microscope equipped with a krypton/argon laser and the 
corresponding dichroid reflectors to distinguish fluorescein and Texas 
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Red labeling No overlap was observed between the fluorescein and 
Texas Red channels. Confocal images were printed using a Polaroid 
TX1500 video primer. 

5 EMMPXM1 

MHI F= r.UI AR CLONING OF MAMMALIAN STAUFEN cDNAs 

in order to understand The mechanism of mRNA 
transport m mammalian ceils, the human and mouse staufen homologues 
was cloned Thirteen overlapping human cDNAs, ranging in size between 
io 0.8 and 2.5 Kb, were isolated from a human central nervous system cDNA 
library, using the expressed sequence tag (EST) HFBQQ83 cDNA as a 
probe (Figure 1A) Purified human HeU eel! poly(A)+ RNAs were also 
reverse Transcribed and PCR-amphfied using different 5*-RACE protocols, 
allowing the cloning of the 5'-end of the transcript. Two different cDNAs 
15 of 3217 and 3506 nucleotides were identified from overlapping clones 
(see below). The presence of multiple transcripts in human ceils was 
confirmed by RT-PCR experiments (not shown). One of the human 
cDNAs was then used to screen a foetal total mouse cDNA library under 
low stringency conditions, which led to the isolation of a full-length cDNA 
20 (mStauXGB accession numDer. AFQ81942). The nucleic and amino acid 
sequences of mStau is shown in Figure 1C. The human and mouse 
proteins are 90% identical (98% similarity), as snown m the alignment of 
the sequences thereof (Figure ID). 

Hybridization of a Human Multiple Tissues Northern Blot 
25 with a human cDNA reveals that hStau mRNA is found in every tested 
tissue (Figure 2A). unlike the Drosopniia staufen gene which is 
exclusively expressed in oocytes and in the CNS at the larval stage (St 
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Johnston et al., 1991} The size of the cDNAs is close to that of the 
transcripts, which migrate on a Northern blot as an unresolved targe band 
of around 3 6 kb. 

A DIFFERENTIAL SPLICING EVENT GENERATES TWO HUMAN 
S STAUFEN PROTEINS 

f: Characterization of tne human cDNAs reveaied the 

2 presence of four types of transcripts wh*ch only differ by an insertion of 

fz iQ 289 bp at position 324 (Figures 1A and 1B). interestingly, this sequence 

introduces an ATG initiation codon upstream from the first one found in 
^ the short transcript (Figure 1A). This suggests that two putative proteins 

fU of 83 and 55 KDa may be translated, with one protein exhibiting s*n 81 

j3 amino acid extension at its N-iermlnal extremity, as compared to the other 

s 15 protein. Using anti-hStau antibodies in western blot experiments, two 

protein bands of around 63 and 55 KDa in human ceil extracts were 
observed (Figure 2B) To determine whether the cDNAs could account 
for the presence of the two proteins, each of them was subcioned in an 
expression vector and expressed in mammalian celts. As seen in Figure 
20 2G, each cDNA gives rise to a single overexpressed protein which 
perfectly comigrates with the endogenous proteins 

To determine whether these transcripts are the products 
of differential splicing, genomic DNA was PCR-ampiifi&d With primers 
iocated on each side of the insert. The resulting fragments were cloned, 
25 and their extremities sequenced, Comparison of the genomic and cDNA 
sequences demonstrated that the DNA insert is carried on a smgle exon, 
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and that typical splicing consensus sequences are present at each 
intron/exon junction (net shown). 

Taken together, these results demonstrate that the 
human staufen gene produces two different transcripts by alternative 
5 splicing and axon skipping, and that the transcripts code for two highly 
homologous protetns which differ in their N-termmal extremities. 

W EXAMFtg 9 

k COMPARISON OF THE MAMMALIAN AND DRQSOPHiLA STAUFEN 

2 10 EEQIEMS; 

03 The amino acid sequences of the mammalian proteins 
O are similar to that of the Drosophila staufen protein and of the product of 
nl an uncharacterized ORF on the X chromosome of Caenorhabditis 
^ elegans (Figure 2D and Figure r). The overall structure and relative 
ip is position of the full-length and short-RBDs are well conserved and high 

sequence identity is found between corresponding dsRBDs. This is highly 
significant since an alignment of the domains found in the members of the 
dsRNA-binding protein family shows an average of only 29% amino acid 
identity to one another (St Johnston et a!., 1992), in addition, domains 1 

20 and 4 in the human sequence, which are short domains when compared 
to the consensus, are nevertheless highly similar to the corresponding f!y 
sequences, even in the region that extends far beyond the N-terminal 
side of the consensus sequence, suggesting that they must play an 
essentia! role in staufen function. 

25 Mammalian Stau does not contain the first 

dsRNA-binding domain nor the long N-terminal sequence of the 
Drosophila protein which was shown to bind to os/car protein (Breitwieser 
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et al., 1996). In addition, a putative tubuhn-binding domain located 
between the third and fourth dsRNA-binding domains of mammalian Stau 
is not found in the Drosophila protein, at least ai the amino acid level. 
This region contains a stretch of 91 amino acids which show 25% amino 
acid identity (66% similarity) to a microtubule-binding domain of MAP1B 
(Zauner et aL 1992) It is meaningful that the sequence similarity covers 
the fuii microtubule-binding domain of MAP1B and that it is restricted to 
this domain. 

EXAMPLE 1Q 

TjjR_JdUMAN AND. MOUS E STAUFEN P ROTE I NS P I NP 

DOUBLE-STRANDED RNAs 

As seen in Figures 2D and 1\ mammalian Stau proteins 
contain multiple dsRNA-bindmg domains. !n order to determine whether 
Stau binds RNAs, two bacterially-expressed fusion proteins were used 
in an RNA-binding assay, his/hStau and MBP/mStau. The fusion proteins 
were probed with in vitro-fabeled bicaid mRNA, which is known to adopt 
an extensive secondary structure and io strongly bind to the Drosophila 
staufen protein both in wo and in vitro (St Johnston et al M 1992; 
Ferrandon et ai. ? 1994). Both fusion proteins strongiy bind this RNA. The 
binding is competed by an excess of cold poiy(r!)-po!y(rC) r but not by 
poly(rl), polyfrC), poly(rA) or poly(U), nor by tRNA or dsDNA (for example, 
see Figure 3A), suggesting that mammalian Stau recognizes 
doubie-stranded structures in the RNA rather than a sequence-specific 
region. Both fusion proteins also directly bind labeled double-stranded 
RNAs and RNA/DNA hybrids, out not single-stranded RNA or DNA 
homopolymers (for example, see Figure 3) As controls, a his^NEP 
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(neutral endopeptidase) or MBP/aminopeptidase fusion proteins were 
also included on the blot; they did not bind any of these nucleic acids. 

This demonstrates that both the human and mouse 
staufen proteins, regardless of the protein to which they are fused, are 
able to bind dsRNAs and RNA with extensive secondary structure, as 
reported for the Droscptiim protein (St Johnston at al, 1992). 

EXAMPLE 1 1 

THE HUMAN AND MOUSE STAUFEN PROTEINS BIND TUBULIN IN 

As described above, Stau contains a region which is 
similar to the rnicrotubule-binding domain of MAP-1B. To determine 
whether mammalian Stau can Dind tubulin, bacterially-expressed 
MBP/Stau fusion proteins were used in a tubuim-binding assay. As shown 
in figure 4, hStau binds tubulin in vitro. As a control, the 
MBP/aminopeptidase fusion protein was also included on the blot; it did 
not show any tubuiin-binding capability. Under the same conditions, 
hStau cannot bind actin (Figure 4), which suggests that the binding of 
tubulin to staufen is specific. The same results were obtained with the 
MBP/mStau fusion protein (see Figure 5B, lane 2). Binding to mRNAs 
and microtubuies sre two of the characteristics expected of localizing 
proteins, maKing hStau and mStau very good candidates for mRNA 
transport and localization in mammals. 
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EXAMPLE 12 

MOLECULA R MAPPING OF THE RNA- AND TUBU LlN-BiNDING 
DOMAINS 

To determine which staufen domain(s) is involved in 
5 RNA and/or tubulin binding, the MBP/mStau fusion protein was used to 
construct a series of deletion mutants (Figure 5). The production and 
relative abundance of each fusion protein was first verified by Western 
blotting (not shown). Using the RNA-Dinding assay, rt was demonstrated 
that both of the full-size dsRNA-binding domains (dsRBD2 and dsRBD3) 

10 are independently sufficient to bind bicoiti RNA (Figure 5A). In contrast, 
the two short-domains (dsRBDI and dsRBD4) were unable to bind 
dsRNA in this assay. It was also demonstrated mat the C-terminal half of 
mStau is able to bind tubulin (Figure 5B 7 lane 4}, More specificafiy, the 
region which is similar to the MAPlB-microtubuie-bindmg domain is 

15 sufficient to bind tubulin (Figure 5B, lane 6). The faint bands (Figure 5B, 
lanes 3 and 5) were not reproducible. 

These experiments confirm that the regions identified by 
sequence comparison as putative dsRNA- and xubuiin-binding domains 
are biochemically functional. 

20 

EXAMPLE 13 

STAUFEN iS ASSOCIA TED WITH THE DETERGENT-INSOLUBLE 
FRACTION IN VIVO 

The cellular distribution and cytoskeletai association of 
25 the two human Stau proteins in v*vo was then addressed. To do so, the 
Green Fluorescent Protein (GFP) or an HA-tag were fused to the S3 and 
55kPa hStau isoforms, respectively. Using confocai microscopy, it was 
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first shown that the two fusion proteins cc-iocaitze when co-expressed in 
mammalian cells (not shown), Then, it was shown that they are 
non-homogeneousjy distributed throughout the cytoplasm and iabel 
numerous vesicular and tubular structures which concentrate in the 
5 perinuclear region (Figure 6A). Minimal staining was found in the nucleus. 
When the cells were treated with Triton X-1G0 prior to fixing, allowing 
¥ soluble proteins to be separated from the cytosKeieton and 

Lij cytoskeieton-associated proteins (Pachier, 1992), the tubulovesicular 

m labeling was stil! present, demonstrating that hStau is associated with the 

10 detergent-insoluble material in vivo (Figure 6B) Labeled structures were 
D also present in ceil processes, suggesting that Stau may target mRNAs 

g to peripheral ER elements. The same results were obtained following 

Jj expression of the GFP/mStau protein (not shown). The association 

* between hStau and the cytoskeietal-associated materia! was confirmed 

| 15 by in vitro ceil fractionation in the presence of Triton X-1 00. In this assay, 

bStau partitioned mainly in the cytoskeleton-associated fractions, 
although a significant fraction was found in a soluble form, as judged by 
Western blotting (not shown). 

To determine whether the tubuiin-binding domain 
20 identified in vitro is truly involved in this function in wVo, mammalian cells 
were transfected with a cDNA coding for a fusion protein in which the 
minimal tubuiin-binding domain was fused to GFP, In contrast to the 
full-length protein, the TBD/GFP fusion protein is randomly distributed in 
the cytoplasmic and nuclear domains of the cells (Figure 6C), as is the 
25 GFP protein used as a control (Figure 6D). This staining was completely 
extracted by the Triton X-1G0 treatment (not shown), suggesting that the 
minima! tubulin-binding domain found in vitro is not sufficient to render the 
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protein insoluble and form a stable association with the microtubule 
networK and/or the cytoskeleton-associated material. 

EX AMPLE 1 4 

5 STAUFEjM LOCALIZES TO T HE ROUGH ENDOPLASMIC RETICULUM 
IN VIVO 

Interestingly, the pattern of localization of Stau 
resembles that of the endoplasmic reticulum. To test a putative 
localization of Stau to the ER, mammalian ceils were transfected with a 

10 cDNA coding for a fusion protein in which a HA-tag was introduced at the 
C-terminai end of the short hStau protein. The cells were then 
double-labeled transfected with anti-HA, to recognize hStau, and with 
anti-calreticuhn or anti-calnexjn, two markers of the ER. Using a confocai 
microscope, it was shown that hStau completely co-localizes with 

1 5 anti-calreticulin, although HA-staining appears to be absent in some parts 
of the ER, in particular around the nucleus (Figure 7A-C), To confirm 
these results, the co-localization of staufen and cainexin, a specific 
marker for the RER (HochstenDack et aL 1932)(Figure 7D-F) was 
examined, The patterns of staining obtained with anti-hStau and 

20 anti-cainexin were identical, demonstrating that hStau co-locaiizes 
exclusively with the RER. 

IMPLICATION OF STAUFEN IN mRNA TRANSPORT AND 
25 LOCALIZATION 

The transport and localization of specific mRNAs have 
important functions in cell physiology, For example, mRNA targeting plays 
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a key role in the formation of cytoskeietai filaments and in the 
establishment of morphogenetic gradients (St Johnston, 1995). However 
the nature of the ribonucieoprotein complexes as well as the mechanisms 
involved m these processes are still largely uncharacterized. Herein, a 

5 novel RNA-binding protein which localizes to the rough endoplasmic 
reticulum m mammalian ceiis has been described. Although its precise 
role is still unclear., its biochemical and molecular properties strongly 
suggest that it is involved in mRNA transport and/or localization. 
Consistent With such a role, we recently demonstrated that hStau is 

10 involved in RNA virus encapsidation and more particularly in HIV-1 
genomic RNA encapsidation (see below). Similarly, a mammalian staufen 
homotogue was recently shown to be involved in the polarized transport 
of mRNAs in hippocampai neurons (Kiebier et al., submitted). 

15 EXAMPLE 16 

STRUCTURE/FUNCTION OF STAUFEN 

As is the case for all members of the dsRNA-binding 
protein family (St Johnston, 1995), rt was observed that mammalian 
staufen can bind any dsRNA or RNAs forming extensive secondary 

20 structures in vitro, regardless of its primary sequence, as well as 
RNA/DNA hybrids The latter adopt a conformation that is more closely 
related to that of dsRNA than dsDNA. which probably explains why they 
can bind to staufen The fact that the full-length Stau protein, as observed 
with single dsRBD, binds to any asRNA in vitro, suggests that the 

25 correspondence between the position of the dsRNA-binding domains and 
the arrangement of double-stranded stems in the folded RNAs may not 
be sufficient for specificity; post-translational modifications and/or 
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essential co-factors capable of forming complex ribonucleoprotem 
structures aiong with mRNA moiecuies, could be necessary to 
discriminate between different RNA secondary structures. Packaging of 
mRNAs into ribonucleoprotein complexes (Aingeret aL 1993; Ferrandon 
et al., 1994; Forristaii et al., 1995; Knowies et al., 1996), the 
intermolecuiar dimerization of the iocalization signal of bicoid mRNA 
(Ferrandon et al., 1997) and the involvement of untranslatable hnRNAs 
m mRNA transport ("Hedge et al, 1991; Tiedge et al., 1993; Kioc and 
Eskin, 1994), are consistent with this interpretation. Until now, specific 
mRNA/staufen interactions were only shown in viva after injection of 
different RNAs into Drosoptiita embryos, but the mechanisms underlying 
the specificity are not known (Ferrandon et al., 1994). Since specific RNA 
binding cannot be obtained in vitro., it precludes trie use of classic 
techniques to isolate and identify relevant RNAs which would bind staufen 
in vivo. Cross-linking of mRNA to staufen in vivo, and isolation of the 
resulting complexes wili be necessary to identify the nature of bound 
RNAs. 

Regardless of their limitations, the in vitro assays did 
allow a mapping of the molecular determinants which are necessary and 
sufficient to bind RNAs The presence of two functional domains in the 
mammalian Stau contrasts with what has been reported for other 
members of the dsRNA-bsnding protein family, which contain multiple 
full-length dsRBDs, but only one that is biochemically functional (Gatignoi 
et al., 1993; McCormack et al.. 1994, Scnmedt et ai., 1995; Krovat and 
Jantsch, 1996). Interestingly, full-length dsRBDs incapable to bind dsRNA 
by themselves can do so when joined to another inactive full-length 
domain, suggesting that multiple domains present m a given protein 
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exhibit cooperative binding effect (Schmedt ex at., 1995; Krovat and 
Jantsch, 1996). Whether the two mStau dsRNA-binding domains exhibit 
similar or different affinities ts not yet dear. However, the identification of 
the molecular determinants of staufen necessary and sufficient for RNA 
binding open the way to a wide variety of utilities. Non-iimiting examples 
include viral therapy and prevention, targeting of molecules (comprising 
staufen's incorporation domain) into virions and gene therapy. In this 
respect, the PCT publication of Cohen et al. WO 96/07741 is of 
relevance, as it identified a new means for targeting molecules into HlV 
virions. The teachings of WO 96/07741 , including vpr/vpr fusion proteins, 
vpr/vpr recombinant proteins and nucleic acid moiecuies encoding same 
can be applied to the present invention, now mat staufen has been 
identified as a RNA-virus targeting protein and more particularly as a HIV 
targeting protein. 

Tubulin-binding domain was mapped to a region which 
is similar to a microtubule-binding domain of MAPI B. Although this region 
can efficiently bind tubulin in vitro, it is not sufficient to bring a TBD/GFP 
fusion protein to the microtubule network. Binding of Stau to microtubules 
in vivo may involve more than one molecular determinant or the proper 
localization and folding of the TBD in the full-length protein. Indeed, in our 
in vitro assay, the fusion protein which contains the C-terminal region in 
addition to the TBD binds tubulin more efficiently than does the TBD, 
alone, suggesting that this region may be necessary for binding to 
microtubules in vivo, interestingly, the corresponding region of the 
Drusophila staufen protein was shown to bind inscutable (Li et al., 1997), 
a protein with anKyrin domains which is believed to associate with the 
cytoskefeton (Kraut and Campos-Ortega. 1936). suggesting that 
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corresponding regions of the mammaSian and Drosophila proteins may 
have functional similarities, The characterization of the mammalian 
staufen can therefore provide a guidance for a broadering of the present 
teachings to lower eukaryatic staufen such as tnat of Drosophila and as 
5 of C. elegans. 

Alternatively, binding may be weak and/or transitory in 
vivo, for example during the early steps of mRNA recruitment, during 
mRNA transport and/or at mitosis, as reported in Drosophila (Ferrandon 
etal., 1994; PoKrywkaand Stephenson, 1995; St Johnston, 1995), These 

10 steps may be difficult to observe by immunofluorescence (Ferrandon et 
al., 1994), and/or be masked by the anchoring of the protein to the RER. 
These steps may nevertheless be necessary to allow efficient and flexible 
transport of RNA along the cytoskeleton. In Drosophila, there is no 
evidence that staufen directly binds to the microtubule network, although 

1 5 staufen-dependent mRNA transport was shown to rely on this structure 
(PokrywKa and Stephenson, 1995. St-Johnston, 1995), A similar 
conclusion was reached when binding of MAPI 6 to the microtubule 
network was studied (Zauner et al., 1992), suggesting that weak binding 
to the cytoskeleton may be a characteristic of proteins containing this type 

2D of tubulin-pinding domain, 

The present teachings demonstrate that Stau is 
anchored to the RER and that the putative TBD is not involved in this 
function, indeed, preliminary results suggest that the binding of Stau to 
RER is carried out by one of the RNA-binding domains (data not shown). 

25 Similar domains in other members of the dsRNA-binding proteins were 
previously shown to be involved in protein dsmerization and/or in 
protein/protein interactions (Cosentino et al., 1995; Benkirane et ah, 
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1997). This also suggests that different Stau molecular determinants are 
necessary for binding to tubulin and anchoring to the RER, This is 
consistent wsth previous observations in Xenopus and Drosophila that 
demonstrated that mRNA localization was UKely to occur via successive 
5 steps involving different elements of the cytosKeieton and overlapping 
molecular determinants (St Johnston, 1995). 

EXAMPLE 17 

LOCALIZATION STAl jF^N TO THE RER 

iq When expressed in mammalian ceils, Stau isoforms 

show a tubulovesicular pattern of localization which is found more 
abundantly in the perinuclear region. Stau is the first RNA-binding protein 
shown to be associated with the RER in mammals. No signal peptide or 
putative hydrophobic transmembrane domains are present in either the 

15 long or short staufen proteins, indicating that they are cytosolic proteins 
and not residents of the RER and that their association to the RER is 
likely to reflect their mRNA transport function Two recent papers also 
suggest that mRNA transport may be linked to the endoplasmic reticulum 
or ER-hKe structures in Xenopus oocytes, vera, a Vgl mRNA binding 

20 protein, was shown to co-sediment with TRAPa, a protein associated with 
the protein translocation machinery of the ER. However, in contrast to 
Stau, veraA/gl complexes were found associated oniy with a small 
subdomain of the ER, which was of the smooth variety (Deshler et al, 
1997} Similarly, in Drosophila, at least some steps in mRNA transport in 

25 nurse ceils and oocytes seem to occur within ER-iike cisternae 
(Wilsch-Brauninger et a! , 1997). As observed for the Vgl mRNA/SER 
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interaction in Xenopus, this structure seems to exclude most nbosomes, 
suggesting that translation is not the major function of these associations. 

Hstau and mStau represent new members of a large 
family of proteins involved sn the transport and/or localization of mRNAs 
5 to different sub-ceiluiar compartments and/or organelles. Stau, 
TRBP/Xlrbpa and Spnr were shown to co-iocalize with RER (see above), 
with ribo&omes and heterogenous nuclear RNPs (Eckmann and Jantsch, 
1997), and with the microtubular amy of spermatids (Schumacher et aL 
1995), respectively. The present results strongly suggest that 
10 staufen/mRNA ribonucleoprotein complexes are transported along the 
microtubule network and then anchored to the RER, It is weii known that 
the ER is associated with the microtubule cytoskeleton {Terasaki et ah, 
1986), Therefore, a transient interaction between microtubules and Stau 
may facilitate the localization of Stau and the targeting of mRNA to the 
15 RER, One of the roles of Stau might be to transport and localize specific 
mRNAs to the RER T such as those coding for secreted or membrane 
proteins which have to be translocated to the RER. This would bring them 
tn proximity to the signal recognition panicles (SRP) and RER. thus 
facilitating translation and translocation. The presence of Stau in ceil 
20 processes, in association with ER structures, may represent a first clue 
to understanding the role of many mRNAs coding for neuropeptides, 
receptors or ion channels which were found to be localized in neuronal 
processes (Steward. 1997). Stau may facilitate the transport of mRNAs 
to eel! processes to ensure efficient local translation and translocation. In 
25 addition, the presence of multiple staufen-like proteins in mammals 
creates the possibility that different members of the family could target 
sub-classes of mRNAs to different sub-domains of the ER, This 
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phenomenon has been described before, and is thought to be the first 
step in the differentia! targeting of proteins m polarized cells (Qkita et at., 
1994). 

The possibility that staufen plays additional roles in 

5 mammals is not excluded ; Stau may first pe jinked to the RER for storage, 
then a subset of molecules may be recruited by specific mRNAs and/or 
cofactors to form ribonucleoprotein complexes that will be transported 
along microtubules toward their final destination. Consistent with tnis 
possibility is the presence of large amounts of Stau in the perinuclear 

10 region, where it may await the nucleo-cytopiasmic transport of mRNAs. 
Alternatively, Stau may play Key roles in the regulation of translation of 
localized mRNAs. The fact that DrosophUa staufen is essentia) for the 
translation of oskar mRNA 5 once it is localized at the posterior pole, is 
consistent with this hypothesis (Kim-Ha et al , 1995). Characterization of 

15 mRNAs and putative co-factors which bind to staufen wilt be necessary 
to understand the process. 

!n vertebrates, the mechanisms which underiy the 
transport of mRNAs have not yet been deciphered. Characterization of 
the RNAs and proteins involved in transport ana localization is particularly 

20 important since understanding the mechanisms responsible for the 
transport of mRNAs is fundamental for learning more on the development 
of polarity in ceils, both during mammalian development and in somatic 
cells, at a time where RNA-based gene therapy is being considered as a 
possible approach to cure different disorders 

25 The present invention therefore opens the way to a 

development of better strategies for RNA-based gene therapy. 
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EXAMPLE 18 
STAl'FFN ts INCO RPORATED l EfTO HIV-1 VIRIONS 

in order to assess the functional significance of the 
dsRNA-hinding activity of staufen in mammalian calls, the possibility of its 

5 binding to the TAR sequence in the HIV-1 RNA leader was investigated 
(Fig. SA) Its association with HIV-1 was further investigated by 
determining whether hStau was incorporated into HIV-1 particles, a 
possible result of its double-stranded RNA binding capacity, indeed, 
using a polyclonal antiserum generated to highly purified recombinant 

10 hStau, the corresponding 55 and 63 KPa species (5) of sfaufea were 
identified in purified viral preparations of laboratory strains of HIV-1 
HxBc2 {HxBru, HxBHlO) and pNL.4.3, and m vesicular stomatitis virus G 
(VSVG) envelope pseudotyped HiV-1 particles (data not shown and Fig. 
8) generated in human T lymphocyte (MT4 and JurKat) or epithelial 

15 (293T) cell lines (data not shown). 

To further substantiate hStau virion incorporation, 
sucrose gradient analyses were performed First, microfiitered and 
ultracentrifuged HxBru virus was prepared m 293T cells. This cell type 
produces negligible amounts of contaminating microvesictes that contain 

20 cellular proteins (8). The virus was fractionated in a 20-80% sucrose 
gradient, and the presence of hStau in each fraction was evaluated by 
Western blot analysis. hStau was found to cosediment with reverse 
transcriptase (RT) activity, strongly indicating incorporation or strong 
association with virai particles (Fig. 8B). To further support virion 

25 incorporation, a subtiiisin protease assay was performed on virus 
preparations (9) While envelope glycoprotein gp120 was completely 
degraded as expected after subtiiisin treatment, viral proteins p24 and 
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p17 remained in large pan protected since they are found within the virus 
(Fig. 8C). hStau aiso remained intact (Fig, 8C), though there appeared 
to be some degradation by subtiiisin treatment. This same phenomenon 
was recently observed in virus generated in H9 and CEM ceils where an 

5 actin isoform was shown to be incorporated within HIV-1 particles while 
some of the protein was silso sensitive to subtiiisin treatment (10), 

incorporation of hStau in two T-tropic viral clinical 
isolates minimally passaged in MT4 cells, and m three other retroviruses, 
HINA2, murine leukemia virus (MLV) and Casitas brain ecotropic MLV 

10 (CasBr; 11) was then examined. All of these vector viruses incorporated 
hStau (Fig. 8D) suggesting a common functional role. Of note, hStau was 
also shown to be incorporated into a nop retrovirus RNA virus, Reovirus 
(data not shown). Purified cell-free preparations of the DNA viruses, 
adenovirus, Epstein Barr virus (EBV) and human herpesvirus 6 (HHV-6) 

15 did not contain hStau The presence of hStau was evaluated in 
concentrated cell-free and cesium chloride-banded preparations of 
Adenovirus (Kindly provided by Dr. Bernard Massie, Biotechnology 
Research institute, Montreal, Quebec), EBV and HHV-6 (both Kindly 
provided by Drs. Ali Ahmad and Jose Menezes, Department of 

20 Microbiology and Immunology, University of Montreal). hStau was 
assessed by Western blot analysis: there were no detectable bands 
corresponding to hStau m up to 20 x 10* viral particles 

While hStau is incorporated into virions, the dsRNA- and 
TAR RNA-binding proteins TAR RNA-bmdtng protein (TRBP), 

25 dsRNA-actjvated protein Kinase (PKR) and Tat, are not detectable in 
purified preparations of HIV-1 (Fig. 8E). TaKen together, these data show 
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that the TAR-binding activity is not sufficient to enable virion incorporation. 

Confocal laser scanning microscopy was employed to 
determine the precise localization of hStau m HIV-1 -producing cells. 
pNL4.3 and a hemagglutinin (HA)-tagged hStau were coexpressed in 
5 293T cells and p24 and hStau were visualized by Texas Red- and 
fluorescein-conjugated secondary antibodies, respectively, in indirect 
imrnunofluorecence analyses (Fig 9). hStau showed a diffuse 
cytoplasmic staining (5) and a large proportion of hStau was found to be 
colocalized with p24 antigen at the cell periphery (rig, 9C)_ This 
10 colocalizatfon is suggestive that hStau is present at sites of virus 
assembly, consistent with its presence in virions, 

EXAMPLE 19 

CHARACTE RISATION OF MOLECULE DETERMINANTS. INVOLVED 

15 IN STAUFEN INCORPORATION INTO HiV-1 

On the oasis of hStau TAR RNA-binding and its virion 
incorporation, a roie for hStau in virus assembly was investigated, it was 
therefore attempted to correlate genomic RNA encapsidation with hStau 
incorporation in HIV-1 . Transfection of wildtype provirus DNAs yields virus 

20 particles containing comparable amounts of hStau (Fig, 10, lanes 1 & 2). 
Genomic RNA encapsidation in HIV-1 is primarily mediated through the 
association of the pacKaging (pst) domain in the 5' leader sequence with 
the nucjeocapsid (NC) protein (13) Therefore, an HiV-1 molecular clone 
HxBru \r\ which the 2S Cys and * 3 Cys of NC were mutated to Ser {^C/^C-S; 

25 14} was initially tested- It was found that hStau incorporation was 
drastically reduced in these virus preparations (of Fig. 10, iane 3). 
Several other HIV-1 proviruses with NC mutations and deletions (15), and 
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a psi domain deletion mutant (16) were then tested, most of which 
generate noninfectious virus particles that are significantly impaired in 
RNA encapsidation. With the exception of the ^C/'^C-S NC mutant, 
transfection of all NC and psi mutant DNA provirai constructs generated 

5 virus particles that contained negligible amounts of nStau, Genomic RNA 
encapsulation was assessed in Northern blots and these analyses 
revea | ec j that the psi and NC mutant constructs yielded virus with 
drastically reduced levels of genomic 9 Kiiobase pair (Kb) RNA. in the 
* 5 C/* 9 C-S NC mutant virus preparation (Fig. 10, lane 5) nstau is present 

10 at approximately wildtype levels, and at The same time near wildtype 
levels of genomic RNA encapsidation are observed, consistent with 
several earlier observations (17) hStau incorporation into H1V-1 particles 
is thus strongly correlated with genomic RNA encapsidation. 
Consequently, hStau may indeed sort v>raj RNAs into a vicinity of an 

15 infected ceil where Gag proteins are present, during assembly of virus 
particies, Alternatively, the data presented herein suggest that hStau 
incorporation is mediated through both the ps/ and NC domains; and with 
the recent structural characterization of NC-ps/ binding (18) it will be 
interesting to determine whether hStau is necessary for this conserved 

20 and critical association. 



EXAMPLE 20 

INCORPORATION QF STAUFEN INTO H1V-1 VIRIONS DECREASES 
THE INFECTlViTY THEREOF 
25 Whatever the particular mechanism of incorporation of 

hStau into HSV-1 the present invention clearly identifies a new HIV- 
targeting molecule. The effects of incorporated hStau on the infectivity 
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of HiV-1 particles were investigated. hStau with pNL4.3 was 
overexpressed in 293T celis and a corresponding increase in hStau was 
found in purified virus preparations (Fig. 11 A). Equai amounts of virus 
from pNL4.3- and pNL4.3/hStau-transfected cells were used to infect 
5 HeLa=CD4-o7Ga! (MAGI, 19) and BF-24 (20) indicator cells. Both 
inactivity assays indicated that an excess amount of nStau in HlV-1 
particles has a marked negative effect on virus infectivity [4- and a 
■sS 6.7-fold decrease in MAG! and BF-24 assays, respectively; Fig. 4B & C]. 

M= These data further support the contention that hStau plays an integral role 

g 10 in virus assembly and can contribute to the infectious potential. 

EXAMPLE 21 

U DISCUSSION AND IMPLICATIONS OF THE RQLE OF STAUFEN IN 

P J RNA ENCAPSIDATION 

tfj 15 Because ail cells examined until now express hStau, its 

virion incorporation is indicative of a iaie role in viral assembly. hStau's 
ability to bind double-stranded and structured RNAs may result in virion 
incorporation which would be consistent with a role in the sorting of 
retroviral genomic RNAs to sites of virus assembly While the other TAR 

20 RNA- and dsRNA-binding proteins have important roies in HIV-1 gene 
expression and replication, hStau is shown here as the only member that 
is incorporated into virus particles. Moreover, hStau appears to be 
incorporated into several retroviruses as well as RNA viruses -and not 
DNA viruses- suggesting a common role for hStau in the assembly 

25 process of RNA viruses. 

Overexpression of hStau leads to a marked increase in 
the amount of hStau in virus preparations (Fig. 1 1A). As a consequence, 
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v*rus infectivity is negatively affected (Fig. 11B & C), These results may 
tie explained by steric hindrance or an inappropriate amount of 
encapsidated viral RNA. Nevertheless, the data herein presented 
demonstrate that an appropriate amount of incorporated hStau is required 
5 to generate infectious viral particles. Accordingly, our infection backcross 
experiments using MT4 and Jurkst cells show thai the quantity of 
incorporated hStau is independent of the cell line, contrary to what was 
found for cellular proteins within the HIV-1 envelope. Briefly, backcross 
experiments were performed using MT4 and Jurkat T cejis. 50 ng p24 

10 pNL4.3 virus equivalents were used to infect Jurkat ana MT4 celfs. Ceiis 
were washed extensively and allowed to pecome productively infected. 
Virus was then harvested from each culture, purified, and the same 
amount was used to infect the other cell type. Virus was again harvested 
and hStau was evaluated in the ail virus preparations by Western analysis 

15 using equal quantities of virus from each preparation. hStau levels per 
ng p24 were relatively constant in all virus preparations, in contrast to 
what was found for proteins embedded in the HlV-1 envelope [( cf. L 
Bastiani, S. Laai, M Kim, S. Zolla-Pazner, J, Virol. 71, 3444 (1997)]. 
Based on the role of staufen for HIV infectivity, it will be interesting to see 

20 the effect of the expression of a staufen antisense on HiV-1 replication 
and /or morphogenesis it is tempting to speculate that such an antisense 
expression (or the expression of an antibody directed against staufen) will 
reduce the infectivity of HiV. Based on tne apparent role of staufen m 
RNA viruses in general, such an approach might also be beneficial for 

25 other RNA viruses- 

TAR RNA-binding in HIV-i has a critical role in 
transcription (22), but has also been snown to regulate viral gene 



Ma*-21-99 14:48 From-GOUDREAU GAGE DUBUC + T-629 P. 26/59 F-095 



68 



expression post-transcriptionally (23). All members of the dsRNA-binding 
protein family are associated with the translations! machinery including 
xirbpa which can bind to free ribosomsl subunits and mRNAs in Xenopus 
oocytes (24), and PKR that was recently shown to be associated with 40S 
5 ribosomal subunits (25) Furthermore, TRBP can modulate PKR 
phosphorylation of e!F-2£5 to modulate HiV-1 gene expression (26). 
TRBP was also recently shown to interact with Tax of HTLV-1 (27) and 
this could modulate gene expression at transcriptional and/or 
post-transcriptional levels. Likewise, additional regulatory roies for hStau 
10 are expected to be uncovered, in support of This are preliminary studies 
that indicate that hStau can markedly relieve the TAR-mediated 
translations! repression in vitro in reticulocyte tysates, Highly purified 
hStau (5) was incubated with a TAR-less RNA or a TAR-containing RNA 
generated by in vitro transcription of SP6CAT and SPSTARCAT plasmids 
15 [Parkin N T, et aL EMBQ J. 7, 2S31 (1988)3 TAR dramatically 
reduced the amount of CAT protein produced in vitro translation as 
reported previously {ibid.). A dose-dependent derepression of CAT 
synthesis was observed when the TAR-CAT RNA was preincubated with 
recombinant hStau- There were no marked effects on CAT protein levels 
20 from the TAR- less RNA. This indicates that hStau has several 
functional parallels to its metazoan counterpart, and furthermore, its role 
in HSV-1 replication is likely to be multifaceted. 

Herein, no attempt has been made to define the 
mechanism by which hStau is incorporated into HIV-1 particles but it is 
25 likely to require TAR-like and structured RNA domains characteristic of 
retrovirus leader sequences (29); although higher order structures may 
also be critical (18, 30), Virus incorporation of hStau may indeed be 
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mediated by both viral ana celSular proteins, it has recently been 
determined however that the H1V-1 vpn env 7 vpu, pal (protease, RT, 
integrase), and nef genes are dispensable for Stau incorporation (data 
not shown). To evaluate the role of HiV-1 genes in hStau incorporation, 
5 provira! constructs containing a mutated ATG initiation codon {vpu), 
frameshift sequence (vpr), premature stop codon (nef), and sequence 
^ deletions (EcoRI/EcgR! for pot] and a BgHI/Bglll for env) in HxBru were 

P 9 tested, in addition, VSV G pseudotyped HIV-1 particles incorporated 

u hStau, thus indicating again that ens is not necessary for hStau 

ih 10 incorporation. However, both NC and the psi RNA domain are not only 

% critical for genomic RNA encapsulation, hut they also appear to mediate 

^ hStau incorporation. in Sight of the negative impact of hStau 

m overexpression on viral mfectivity, hStau may be a suitable target for an 

! y anti-HIV-1 strategy Furthermore, in light of the demonstration that hStau 

M3 is is incorporated into other retroviruses as well as Reovjrus, staufen may 

be a suitable target for anti RNA-virus therapy in general. 
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hereinabove by way of preferred embodiments thereof, it can be 
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invention as aefined in the appended claims. 
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The embodiments of the invention in whicn an exclusive property or 
privilege is claimed are defined as fo!lows T 

A. An isolated mammalian staufen protein or C. 
5 elegans staufen protein exhibiting homology to Drosophiia staufen and 
interacting with dsRNA and/or RER. 



2. The isolated staufen protem of claim 1 having an 
amino acid sequence at least 95% identical to a sequence selected from 
10 the group consisting of 

(a) amino acids from about -81 to about 496 of 

Figure 1A; 

(b) amino acids from about i to about 496 of Figure 1 A; 

(c) amino acids from about -SO to about 496 of 

15 Figure 1A; 

(d) amino acids from about 2 to about 496 of Figure 1 ; 
fe) amino adds from about 1 to about 494 of Figure 1C r 

(f) amino acids from about 2 to about 494 of Figure 1 C; 

(g) amino acids of a efegans of Figure V; and 

20 (h) the amino acid sequence of an epitope-bearing 

portion of any one of the polypeptides of (a), (b), (c), (d), (e), (f) or (g). 

/z, An amino acid sequence encoding at least one 
dsRNA binding domain of a mammalian staufen protein or C efegans 
25 staufen protein. 
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#. An isolated nucleic molecule comprising a 
polynucleotide sequence at least 95% identical to a sequence selected 

from the group consisting of 

(a) a nucleotide sequence encoding a staufen 
polypeptide comprising ammo acids from about -81 to about 496 of 
Figure 1A; 

(b) a nucleotide sequence encoding a staufen 
polypeptide comprising amino acids from about 1 to about 496 of 
Figure 1A, 

(c) a nucleotide sequence encoding a staufen 
polypeptide comprising amino acids from about -80 to about 496 of 
Figure 1A; 

(d) a nucleotide sequence encoding a staufen 
polypeptide comprising amino acids from about 2 to about 486 of Figure 

1; 

(e) a nucleotide sequence encoding a staufen 
polypeptide comprising amino aaas from about 1 to about 494 of Figure 
1C; 

(f) a nucleotide sequence encoding a staufen 
polypeptide comprising amino acids from about 2 to about 494 of Figure 
1C; 

(g) a nucleotide sequence encoding a staufen 
polypeptide comprising amino acids of C elegans of Figure V; and 

(n) a nucleotide sequence encoding a staufen 
polypeptide comprising a nucleotide sequence complementary to any of 
the nucleotide sequences in (a), (b). (c). (d), (e), (f) or (g). 
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5. A recombinant vector comprising said isolated 
nuciejc acid molecule of claim 4, 

6. A method of maKing a recombinant host cell 
5 comprising introducing the recombinant vector of claim 5 into a host cell 

7. A recombinant host ceil produced by the method of 

claim 6. 

1Q 8. A recombinant method for producing staufen 

polypeptide, comprising cuituring said host ceil of claim 7 under 
conditions such that said polypeptide is expressed and recovering said 
staufen polypeptide, 

15 £r A method for treating an animal infected by a RNA 

virus, comprising administering thereinto a therapeutically effective 
amount of a staufen polypeptide, fragment or derivative thereof, and/or 
a nucleic acia molecule encoding same and/or staufen-activity moduiator 
and/or antisense of staufen together with a pharmaceutical^ acceptable 

20 carrier. 

10. The method of claim 9, wherein said RNA virus is a 

retrovirus. 



25 n. The method of claim 10, wherein said retrovirus is 

HIV. 
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/l 2. An antibody direcied against siaufen of mammalian 
or C. elGgans&ngin. 

y^lZ^A recombinant protein for targeting into a RNA virus, 
5 comprising an amino acid sequence portion encoding mammalian staufen 
or a part or derivative thereof. 

14 The recombinant protein of claim 13, wherein said 
protein is a chimeric protein. 

1Q 

15, The protein of claim 13, wherein said RNA virus is 

HIV. 

18, A composition for targeting into a RNA virus which 
15 comprises an effective amount of the recombinant protein of claim 13. 

17. The protein of claim 14, comprising a portion having 
RNAse or protease activity. 

20 18 The protein according to claim 13, which prevents 

proper maturation of said RNA virus. 
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ABSTRACT OF THE DISCLOSURE 

The present invention relates to mammalian staufen, a 
double-stranded RNA-bsnding protein involved in mRNA transport and 

5 localization. The invention further relates to the demonstration of the 
association of a RNA-binding protein with the rough endoplasmic 
reticulum (RER) r implicating staufen and related proteins in the transport 
of RNA to its site of translation, Broadly, the invention therefore relates 
to transport and translation of RNA. More specifically, the present 

10 invention relates to human and mouse staufen proteins and to the 
modulation of transport of RNA to the RER by these proteins. The 
present invention also relates to isolated nucleic acid molecules encoding 
mammalian staufen, as weii as vectors and host cells harboring same. 
In addition, the present invention relates to screening assays for 

15 identifying modulators of staufen activity and to the identification of 
mutants thereof which abrogate their interaction with RER. Furthermore, 
the present invention relates to the use of the doubie-stranded RNA 
binding activity of staufen as a means to target proteins into virions. The 
invention in addition relates to the incorporation of staufen into RNA 

20 viruses and the use of overexpression of staufen to significantly decrease 
the infectivity thereof More particularly, the present invention relates to 
a novel and broad class of molecules which can be used as carriers to 
target molecules into virions of RNA viruses and to decrease infectivity of 
a wide variety of RNA viruses Including retroviruses. 
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Comparison of human (HUM) aitd mousd {WJS} st£u£*n &&q«enc*g 



SUM hGCWKKFHYICF^ 60 
MUS MYKFVPFHSBMQSTYSYiSI^GGAY^ 



HUM GKTRQaAKHD^^ 120 
MPS GIWWPVISHn^JWWJlT^ 

RBp2€* 

HUM FSra^SGFPEM!^^ ISO 



HUM KFRIKJKTKFr^K^ 240 



HUM XVTFFDTCSOTI^GTSNKEDEF^ 360 



HUM AAFHPAK&TVnftH£JO«U.?GCT^ 420 



HUM FgVEyiq3FPitt<ygCHgFVS^3ycS3QPgI < ISasIt3KPVB 480 



> MUS FQVEYKDm«NNKNECVSLINCSSQPPLVSSGIGKDV^SC 



HUM EMPRT^GFHSVCGRC * 496 

■ aaaawava * «1F ¥ 
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FIGURE 4 
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English Language Declaration 

As a below nam so inventor, I hereby declare mar 

My residence, post office address and citizenship are as stated beiov^ next to my name, 

1 believe \ am the original, fi r st and soje inventor {if only one name is listed below) or an original, 

first and joint inventor (If plural names are hsted below} of the subject matter which is claimed and for 

which a patent is sought on the Invention entitled 

MAMMALIAN STAUFEN AND LS£ THEREOF 



the specification of which 

(check one) 

3 is attached hereto 

□ was filed on as United States Application No. or PCT international 

Application Number 

and was amended on 

(if appiicaeis) 

i hereby state that i have reviewed and understand the contents of the above identified specification, 
including ihe claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and TrademarK Office all information 
Known to me to be material to pateniability as defined in Title 37, Code of Federal Regulations, 

Section 1 56, 



„ v ™ ^ w _ 365(a) ... 

* any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below by checking the oox, any foreign application for patent or 
inventors certificate or PCT international application having a filing date before that of the application 
on which priority is claimed 

Prior Foreign Application^} Pnonty Not Cfaimea 

2,238,656 CA.*A»A 22/05/1998 
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(Number) (Cauntrjj (Dsy/Monih/Ye&r Filed) 



(Number) {Country) (DayMonth/Y ear Filed) 
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i hereby claim the benefit under 35 USC. Section 119(e) of any United States provisional 
application(s) listed below; 



(Application StrM No,} 



(Filing Date) 



{Application Ss?ri»i No.) 



(Application Serial No.) 



(Filing Date) 



I hereby claim the benefit under 35 U, S. C. Section 120 of any United States appiicationCs), or 
Section 365(c) of any PCT international application designating the United States, listed below and. 
insofar as the subject matter of each of the claims of this application ;s noi disclosed m the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U S.C. Section 112, I acknowledge the duty to disclose to the uniieo States Patent and Trademark 
Office all information kno*vn to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1.56 which became available between the filing date of the pnor application and the national 
or PCT International riling case of this application- 



{Application Serial NiU 



(Application Serial No.; 



(Application Serial No,) 



(riling Date) 



(Filing Date) 



(Status) 

(patented, pending, aNndaa&d) 



(Status) 

(patented, pending, abandoned) 



(Filing Date) 



(Status) 

(patented, pending, abandoned) 



! hereby declare that ail statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the Knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, mder Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY. As a named inventor, i hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patera §nd Trademark Office 
connected therewith- (hst name ana registration numoer) 

Jean R DUBUC 26374 

Caftan PRINCE 33107 

Alain M. LECLERC 37036 
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3400 The Stock Exchange Tower. P.O- Bo^ 242, 800 Ptace^Victoria 
Montreal, Quebec, CANADA ti-Vl IE9 
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Fuh name of sole or "first iftvenmr 
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